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Summary
The o b je c t o f  th e  f i r s t  p a r t  o f t h i s  t h e s i s  was to  determ ine
w hether a b rid g eh ead  double bond i s  more s ta b le  when lo c a te d  in  th e
la r g e r  o r sm a lle r  b r id g e  o f a b ic y c le .  For t h i s  purpose a  unique B red t
compound (A) was p rep a red . T h is i s  th e  on ly  v e r i f i e d  example o f an
a ro m a tic  r in g  lo c a te d  on two b r id g e s  o f  a  b ic y c le .  The compound was 
I  13examined ( H n .m .r , ,  C n .m . r , , u ,v .  and Raman) f o r  evidence o f  bond- 
f ix a t io n  (M ills-N ixon  e f f e c t )  w ith in  th e  arom atic  r in g .  An x -ra y  
a n a ly s is  was n o t p o s s ib le ,  b u t o th e r  w orkers have made a v a i la b le  
m o lecu la r m echanics c a lc u la t io n s  on (A), A lthough th e re  was sp e c tro sc o p ic  
ev idence th a t  th e  benzene r in g  i s  n o n -p lan a r and m o lecu la r m echanics 
c a lc u la t io n s  show t h a t  some bonds a re  “u n u su a lly  s h o r t ,  th e re  wa3 no 
in d ic a t io n  th a t  i t  i s  o th e r  th a n  a ro m a tic . On th e  b a s is  o f  th e  c a lc u la ­
t i o n s ,  i t  would appear t h a t ,  c o n tra ry  to  p u b lish ed  ev id en ce , th e  
b rid g eh ead  double bond i s  more s ta b le  when lo c a te d  in  th e  sm a lle r  
b r id g e . The p re fe r re d  conform ation  o f  th e  m olecu le , a s  deduced s p e c tro ­
s c o p ic a l ly ,  was in  agreem ent w ith  t h a t  c a lc u la te d  f o r  (A).
The second p a r t  o f  th e  th e s i s  d e sc r ib e s  an a ttem p t to  use r in g  
a n n u la t io n - s c is s io n  methods to  s y n th e s is e  m acrocycles from a v a i la b le  
f iv e  and s ix  membered r in g s .  The n e c e ssa ry  t r i c y c l i c  (B) and benzo- 
t r i c y c l i c  (C) p re c u rs o rs  were o b ta in e d , b u t v a r io u s  a tte m p ts  to  
c le a v e  th e  b r id g e s  o f  th e se  compounds proved more d i f f i c u l t  th a n  ex­
p e c te d . Thus, th e  amide d e riv e d  from (B) by Beckmann rearrangem ent o f  
i t s  oxime, cou ld  be h y d ro ly sed , b u t r a p id ly  re c y c lis e d  on s ta n d in g .
( A) ( B ) ( C)
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INTRODUCTION TO PART 1
A SHORT REVIEW OF BREDT’S RULE
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S in ce  th e  f i r s t  announcem ent by J u l i u s  B re d t o f  th e  r u l e  w hich 
now b e a rs  h i s  name, B re d t compounds and th e  B re d t r u le  have been 
th e  s u b je c t  o f  much in v e s t ig a t io n  by many re s e a rc h e r s *  As a 
conseq u en ce , a w e a lth  o f  know ledge has been  accum ula ted  i n  t h i s  
s p e c ia l i s e d  f i e l d  w hich i s  t h a t  o f  h ig h ly  s t r a i n e d  p o ly c y c l ic  
h yd ro carb o n s c o n ta in in g  a  d oub le  bond a t  th e  b r id g e h e a d  p o s i t i o n .
The p u b lish e d  work in c lu d e s  s e v e r a l  rev ie w s s e t  a g a i n s t  a  
background o f  num erous p a p e rs  and com m unications which have  appeared  
o v e r  a  p e r io d  o f  more th a n  h s l f  a c e n tu ry .  The p u rp o se  o f  t h i s  
in t r o d u c t io n  i s  to  d e s c r ib e  b r i e f l y  th e  m ere im p o r ta n t  m ile s to n e s  i n  
th e  developm ent o f  t h i s  i n t e r e s t i n g  f i e l d  o f  c h e m is try  up  to  th e  
p r e s e n t  d ay .
A lthough  th e  f i r s t  fo rm a l s ta te m e n t o f  B re d t* s  r u l e  was made i n  
1924^ th e r e  w ere s e v e r a l  s im i la r  o b s e rv a t io n s  made p re v io u s  to  t h i s  
by B re d t and o th e r  w o rk e rs . In  1902 B re d t ,  Hcuben and Levy^ compared 
th e  r e l a t i v e  e a se  o f  d e h y d ro h a lc g e n a tin g  th e  oc-halccam phoric  a c id  
d e r iv a t iv e s  ( l )  and ( 2 ) .  I t  was found t h a t  th e  an h y d rid e  ( l )  c o u ld  
n o t  be d eh y d rcb rcm in a ted  w hereas th e  c o rre sp o n d in g  d ic a r b o x y l ic  
e s t e r  (2) co u ld  be r e a d i ly  d eh y d rcb rcm in a ted . A lso , th e  u n s a tu r a te d  
d ic a rb o x y lic  a c id  ( 3 ) was found to  be in c a p a b le  o f  fo rm in g  an i n t e r n a l  
an h y d rid e  (4 ) w hereas s a tu r a te d  an a lo g u es  underw en t t h i s  c y c l i s a t i c n  
r e a d i ly .  The d i f f i c u l t y  i n  form ing  (4) was c o r r e c t ly  a t t r i b u t e d  by  
B re d t to  th e  s te re o c h e m ic a l n a tu re  o f  th e  compound.
I n  1903 Wagner and B rykner^  a g a in  p u t  fo rw ard  s te re o c h e m ic a l 
r e a s o n s  f c r  th e  fo rm a tio n  o f  t r i c y c l i c  d e r iv a t iv e s  upon d e h y d ra t io n  
o f  is o b o rn e o l  ( 5 ) and cam p h en ilic  a c id  ( 6) ,  s u g g e s tin g  t h a t  th e  fo rm a tio n  
o f  a doub le  bond a t  a  carbon  atom common to  two p e n tam e th y len e  r in g s  
i s  d is fa v o u re d . I n  1908 Rabe^ r e p o r te d  th e  u n u su a l r e s i s t a n c e  o f  
th e  JB-hydroxyketone (7) to  d e h y d ra tio n . He o f f e r e d  s t e r i c  re a s o n s  
a s  th e  e x p la n a tio n  sa y in g  " . . . .  th e  b i c y c l i c  system  o f f e r s  g r e a t
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r e s i s t a n c e  to  th e  fo rm a tio n  o f  a  d oub le  bond in  th e  1 ,2  p o s i t i o n ” .
( a s  in  ( 8) ) .
S u b seq u en t i n v e s t i g a t io n s ,  p a r t i c u l a r l y  by B re d t  and co -w o rk ers , 
p ro v id e d  co m p e llin g  e v id en ce  in  a  g e n e ra l  se n se  o f  th e  ty p e  o f  compound 
i n  w hich a  dou b le  bond c a n n o t o c c u r . The fo rm al s ta te m e n t o f  th e  
r u l e  came in  1924^ : ”0n th e  b a s i s  o f  o u r  c o n c e p tio n s  o f  th e  p o s i t i o n s  
o f  atoms in  sp a c e , in  th e  system s o f  th e  camphane (9 ) and p in a n e  (10) 
s e r i e s ,  a s  w e ll  as  in  s im i l a r l y  c o n s t i tu te d  compounds, a  carbon  dou b le  
bond can n o t o c c u r  a t  th e  b ra n c h in g  p o s i t i o n s  A and B o f  th e  carbon  
b r id g e  ( th e  b r id g e h e a d s )” . Soon a f t e r ,  B re d t r e a l i s e d  two th in g s  : 
f i r s t l y  t h a t  th e  r u le  need  n o t  be r e s t r i c t e d  to  compounds o f  the , _ 
camphane and p in a n e  s e r i e s  and s im i l a r l y  c o n s t i tu te d  compounds, and 
seco n d ly  t h a t  s t a b l e  b rid g e h e a d  d oub le  bonds w ere in d e e d  p o s s ib le  i f  
o n ly  th e  b r id g e  w ere la r g e  enough. A cco rd in g ly , in  1927 he m o d ified  
h i s  r u l e  . S in ce  th en  th e  r u le  h as  been r e s t a t e d  and ex ten d ed  s e v e r a l  
tim es  to  a llo w  f o r  c irc u m sta n c e s  a p p a re n tly  u n fo re se e n  by  B red t a t  th e  
tim e . These e v e n ts  w i l l  be d is c u s s e d  e lsew h ere  in  t h i s  in t r o d u c t io n .
B ic y c l ic  system s can be  grouped in to  th e  ty p e s  i l l u s t r a t e d  by 
fo rm u lae  (1 1 ) ,  ( 12) and (13)»  I n  th e  p a s t  s t r u c t u r e s  su ch  a s  ( l l )  
and (12) w ere alw ays ex c lu d ed  from B re d tf s r u l e .  In  i t s  o r ig i n a l  
f o r a  B red t* s  r u le  a ls o  made no m ention  o f  h e te r o c y c l i c  sy s tem s .
However i t  i s  now a c c e p te d  t h a t  s im i la r  g eo m e tric  c o n s t r a i n t s  m ust 
ap p ly  to  th e s e  system s e x c e p t in  c a s e s  where e lem en ts  below  th e  f i r s t  
row o f  th e  p e r io d ic  t a b le  a r e  p r e s e n t  (su ch  as s u lp h u r ) .  The r u l e  
h as  a ls o  been  a p p lie d  to  system s in  w hich th e  doub le  bond i s  p a r t  o f  
an a ro m a tic  r in g ^ .
T r i c y c l i c  system s in  w hich a l l  o f  th e  r in g s  a re  n o t  m u tu a lly  
c o n tig u o u s  can be t r e a te d  a s  s u b s t i tu t e d  b ic y c l i c  compounds. I f  
th e r e  a re  th r e e  m u tu a lly  co n tig u o u s  r in g s  however th e r e  may be a  
q u e s tio n  a s  to  w h e th er th e  r u l e  a p p l ie s ,  s in c e  th e  c r i t e r i o n  o f  th e
101 -  [2
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num ber o f  atom s in  common n eeds q u a l i f i c a t i o n .
B re d t^  re g a rd e d  p e rh y d ro acen ap h th en e  (14) and s im i l a r l y  
c o n s t i tu t e d  s t r u c t u r e s  a s  b r id g e d - r in g  c o n s id e r in g ,  f o r  exam ple,
Cjl a s  a  b r id g e  a c ro s s  th e  e le v e n  membered r in g  c o n ta in in g  C2 and
o
Cj_q w h ile  P a t te r 3 c n  on th e  o th e r  hand c o n s id e re d  (14) to  be a
f u s e d - r in g  w ith  th r e e  o r th o  f u s io n s  among th e  th r e e  r i n g s ,  
g
H iickel in c lu d e d  th e  r in g  system  (15a) in  a  d is c u s s io n  o f  B re d t1 s r u l e .  
Compounds o f  t h i s  ty p e  w hich have b r id g e h e a d  d o u b le  bonds a re  known 
w here th e  r in g s  a r e  l a r g e r ,  f o r  exam ple, te tra h y d ro a c e n a p h th e n e  
( 15b ) ,  and th e s e  l a r g e r  r in g  homologues a p p e a r to  be re a s o n a b ly  
u n s t r a in e d .
As in  th e  c a se  o f  b i c y c l i c  system s th e  r in g  s i z e  i s  th e  
d e te rm in in g  f a c t o r  in  t r i c y c l i c  system s a l th o u g h  th e  c r i t i c a l  v a lu e  
i n  d e c id in g  th e  f e a s i b i l i t y  o f  a  b r id g e h e a d  d o u b le  bond may be 
s l i g h t l y  d i f f e r e n t .  F aw ce tt‘S  s u g g e s ts  th a n  an ap p ro x im ate  c r i t e r i o n  
to  d e c id e  w h eth er th e  r u le  p e rm its  o r  f o r b id s  a  b rid g e h e a d  d oub le  bond 
in  a  t r i c y c l i c  s t r u c t u r e  i s  to  c o n s id e r  th e  s m a l le s t  b i c y c l i c  an a lo g u e  
from  w hich i t  can be re g a rd e d  a s  b e in g  d e r iv e d  by in c o rp o r a t io n  o f  an 
a d d i t io n a l  bond o r  b r id g e .  The p re se n c e  o f  t h i s  a d d i t io n a l  bond o r  
b r id g e  would n o t  be ex p ec ted  to  red u ce  th e  am ount o f  s t r a i n .  Thus 
a  compound h av ing  th e  s t r u c t u r e  ( l6 )  m igh t be c o n s id e re d  a s  b e in g  
d e r iv e d  from b ic y c lo  [ 3 * 2 .1 ] -5 -o c te n e  by add ing  a  carbon  b r id g e .  
A ccording to  th e  r u le  t h i s  s t r u c t u r e  i s  th e r e f o r e  p r o h ib i te d .
In  th e  y e a rs  fo llo w in g  B red t* s  p u b l ic a t io n ^  th e  c o n c e p t was w id e ly  
ad o p ted  by r e s e a r c h e r s  w orking w ith  b r id g e d  r in g  system s and was 
found to  be  an in v a lu a b le  a id  to  e x c lu d in g  e rro n eo u s  s t r u c t u r e s  w hich  
c o u ld  lo o k  e n t i r e l y  p la u s ib le  on p a p e r .  In  f a c t  a l a r g e  number o f  
s t r u c t u r e s  w hich had been a s s ig n e d  p re v io u s  to  B red t* s  r u l e  w ere 
re-ex am in ed  and had to  be c o r r e c te d .  T h is  a s p e c t  o f  B redt*  s r u l e
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has been p re s e n te d  by F a w c e t t^  in  g r e a t  d e t a i l .
A n a t u r a l  consequence o f  B re d t* s  r u l e  v a s  t h a t  e f f o r t s  be made
to  lo c a te  th e  e x a c t  l i m i t s  o f  th e  r u l e .  T h is  t a s k  was p u rsu ed  by
P re lo g  and o th e r s .  P ro lo g ^ 8’* ^  s tu d ie d  th e  a ld o l  c o n d e n sa tio n  o f  
(17) and found t h a t  th e  r a t i o  o f  p ro d u c ts  ( l8 )  and ( 19) was a s e n s i t i v e
fu n c tio n  o f  n . He concluded  t h a t  b ic y c le  [5 * 3 -1 ]  undecene was th e
s m a l le s t  system  t h a t  co u ld  accommodate a  b rid g e h e a d  d o u b le  bond.
P re lo g * s  i n v e s t i g a t i o n s ,  how ever, p r e s e n t  two d raw backs.
F i r s t l y  th e y  r e l a t e  s o le l y  to  b r id g e d  cyc lo h ex en cn es  w ith  th e  c a rb o n y l
group lo c a te d  in  th e  s m a l le s t  b r id g e  and seco n d ly  a l l  h i s  ex p erim en ts
w ere c a r r i e d  o u t  u n d e r e q u i l i b r a t i n g  c o n d i t io n s  w h ich  w ould y i e l d
12 13o n ly  th e  th e rm o d y n am ica lly  p r e f e r r e d  p ro d u c t.  As Buchanan 9 
h as p o in te d  o u t ,  su ch  c y c l i s a t i o n s  in v o lv e  f i v e  e q u i l i b r i a  (Scheme 1) 
in te r c o n v e r t in g  s t r u c t u r a l  iso m ers  end d o u b le  bond is o m e rs .  As a 
r e s u l t  th e  i s o l a t i o n  o f  one p ro d u c t r a t h e r  th a n  a n o th e r  s im p ly  m ir ro r s  
th e  d i f f e r e n c e  in  t h e i r  f r e e  e n e r g ie s .  I t  i s  e n t i r e l y  p o s s ib le  
t h a t  d i f f e r e n t  p ro d u c ts  m igh t a r i s e  u n d e r  c o n d i t io n s  o f  k i n e t i c  
c o n t r o l .
10
F aw ce tt made s i g n i f i c a n t  c o n t r ib u t io n s  to  th e  s u b je c t  b y  
r e - e x p r e s s in g  B redt* s r u l e  in  te rm s o f  S numbers and a l s o  by m aking 
th e  v a lu a b le  d i s t i n c t i o n  betw een i s o l a b l e  a lk e n e s  and t r a n s i e n t  
in te rm e d ia te s  c o n ta in in g  a b r id g e h e a d  d o u b le  bond. He d e f in e d  th e  
s t r a i n  number S in  a  b ic y c lo  [ x . y . z ]  a lk - l - e n e  a s  S = x  + y  + z 
( x ,  y  and z 7^  o) and so  deduced from P relog*  s  r e s u l t s  t h a t  S = 9 
r e p r e s e n t s  th e  s m a l le s t  r in g  s i z e  w here a  b rid g e h e a d  d o u b le  bond can 
o c c u r  i n  an i s o l a b l e  compound. He concluded  t h a t  nth e  t e n t a t i v e  
u p p e r l i m i t  to  th e  r in g  s i z e  f o r  w hich th e  r u le  fo r b id s  su c h  doub le  
bonds in  i s o l a b l e  compounds i s  S = 8%  A t th e  same tim e  he r e a l i s e d  
t h a t  f o r  a  t r a n s i e n t  r e a c t io n  In te rm e d ia te  th e  l i m i t  m ig h t be  a s  low  
a s  S = 6 . He knew f o r  exam ple t h a t  th e  k e to a c id  (20) (w h ich  h as  an
(21) (22)
C 02H
(23)
C02H
(24)
0 2H
(25)
r/ ' ( ^
(
(26)
(28)
(30)
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S number o f  7) co u ld  be t o t a l l y  d e c a rb c x y la te d .
At th e  tim e  o f  F a w c e tt*s  p ro p o s a ls  i t  was re c o g n ise d  t h a t  th e
s t a b i l i t y  o f  a b r id g e h e a d  dou b le  bond depends on w hich  b ra n c h  o f  a
b i c y c l i c  system  i t  i s  c o n ta in e d . Y et F a w c e tt1s S fo rm u la  f a i l s  to
d i f f e r e n t i a t e  is o m e ric  a lk e n e s  such  a s  ( 21) and ( 22) w hich  have th e
same s t r a i n  number (S = 7) b u t  d i f f e r  i n  s t r a i n  e n e rg y . T h is
1*5d i f f e r e n c e  i s  e x e m p lif ie d  by th e  h ig h  s t a b i l i t y  o f  th e  c x -k e tc a c id
( 23) on th e  one hand and th e  read y  d e c a rb o x y la tio n  o f  (2 4 )^ *  on th e
o th e r ,  and a ls o  by th e  ex trem e r e s i s t a n c e ^  o f  ( 25) to  d e c a rb o x y la tio n
14i n  c o n t r a s t  to  th e  b e h a v io u r  o f  ( 20) .
In  1967 a  more fu n dam en ta l app roach  to  d e f in in g  th e  l i m i t s  o f
18Bredt* s r u l e  was p roposed  by Wiseman. He p o in te d  o u t  t h a t  a
b rid g e h e a d  do u b le  bond in  any b ic y c l i c  a lk e n e  ( 26) i s  e n d o c y c lic  to
two o f  th e  r i n g s ,  and m ust l i e  t r a n s  w ith in  one o f  th e s e  (a c  i n  ( 27 ) ) .
He p o s tu la te d  th e r e f o r e  t h a t  " th e  s t r a i n  o f  b rid g e h e a d  a lk e n e s  i s
c lo s e ly  r e l a t e d  to  th e  s t r a i n  o f  t r a n s - c y c lo a lk e n e s " . On t h i s
19b a s is  he p r e d ic te d  t h a t  s in c e  t r a n s - c y c lo -o c te n e  i s  a  h ig h ly
r e a c t iv e  y e t  i s o l a b l e  compound, b r id g e h e a d  a lk e n e s  w hich in c o rp o r a te
a  t r a n s - c y c lo -o c te n e  shou ld  be i s o l a b l e  even i f  u n s ta b le .  I n  a
20s im i la r  f a s h io n  he p r e d ic te d  t h a t  s in c e  t r a n s —c y c lo h e p te n e  h as  b een
p re p a re d  o n ly  a s  a t r a n s i e n t  r e a c t iv e  s p e c ie s ,  b r id g e h e a d  a lk e n e s  w h ich  
in c o rp o ra te  a t r a n s - cy c lo h ep te n e  m ig h t be i s o l a b l e  and w ould be 
d e te c ta b le  a s  t r a n s i e n t  in te r m e d ia te s .  T h is  r e v is io n  o f  B re d t* s  r u l e  
now a llo w s  one to  p r e d ic t  t h a t ,  f o r  a  g iv en  carbon  s k e le to n ,  th e  d o u b le
bond w i l l  be more s t a b l e  i f  i t  i s  t r a n s  w ith in  th e  l a r g e r  o f  th e  two
r in g s  to  w hich i t  i s  e n d o c y c lic . Thus (28) (a  t r a n s - c y c lo h e n te n e ) 
sh o u ld  be more s t a b l e  th a n  ( 29) (a  t r a n s - c y c lo h e x e n e ) .  . A lso ,
(3 0 ) (a  t r a n s - cyclononene) sho u ld  be more s t a b l e  th a n  ( 2 8 ) .  Wiseman* s 
p o s tu la te  i s  o f  no u se  in  d i f f e r e n t i a t i n g  (30) and ( 3l ) ,  how ever.
+
-NMe
( 21) (32)
( 33)
Br
(34)
(35)
ISM
(36)
(38)
N Me: +n u Me3
o\J
(39)
/  \  
 /
(40)
( 41)
(42)
(4-3)
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S in c e  V)&7 much e f f o r t  has been expended i n  d e v e lo p in g
21
s y n th e s e s  o f  b r id g e d  b i c y c l i c s  c o n ta in in g  b rid g e h e a d  d o u b le  bonds 
p a r t i c u l a r l y  by Wiseman. B ic y c lo  [3 « 3 * l]  n o n - l-e n e  (21) was 
s y n th e s is e d  s im u lta n e o u s ly  in  two l a b o r a to r i e s  v ia  i r r e v e r s i b l e
■j O
e l im in a t io n  r e a c t io n s .  Wiseman-1-0 o b ta in e d  i t  from th e  q u a te rn a ry
ammonium s a l t  (3 ^) sJid from th e  1 , 2 d ib rom ide ( 33) by th e  a c t io n  o f
22
sodium t - b u tc x id e .  M a rsh a ll u sed  d e c a rb o x y la tiv e  e l im in a t io n
o f  th e  endo-m ethane jD -su lphonate  (34) to  p re p a re  ( 21) ,  o b ta in in g
th e  p - la c tc n e  (35) a s  b y p ro d u c t. The aza  ana lo g u e  (36) i s  now 
23a ls o  known.
At t h i s  p o in t  i t  would be  h e lp f u l  to  in t ro d u c e  a  p o in t  o f  
n o m e n c la tu re . The b a r  ( - )  symbol i s  u sed  to  i n d i c a t e  i n  w hich 
b r id g e  o f  a system  th e  b rid g e h e a d  doub le  bond l i e s .  S o , f o r  
exam ple, ( 38) may be c a l le d  b ic y c lo  [ 4 .2 . 1 ]  n o n - l ( 2 ) - e n e  o r  
b ic y c lo  [ 4 .2 . 1 ]  n o n - l-e n e  and (37) raay be c a l le d  b ic y c lo  
[ 4 .2 . 1 ]  n o n - l ( 8) - e n e  o r  b ic y c lo  [ 4 .2 . 1 ]  n o n - l- e n e .
The is o m e r ic  [ 4 .2 .1 ]  and [ 4 .2 .1 ]  sy stem s24 ((3 7 ) and ( 38) )  and 
[3 » 2 * 2 ]  ancj 3 * 2 .2 ]  sy stem s2*^ ((3 9 ) and (4 0 ))  w ere a ls o  s y n th e s is e d  
s h o r t ly  a f te rw a rd s  u s in g  th e  w e l l - t r i e d  Hofmann e l im in a t io n  r o u te .  
Compounds (37) ( 38) a r e  form ed i n  th e  r a t i o  5*1 r e s p e c t iv e l y  and
th e  p r e f e r e n t i a l  fo rm a tio n  o f  th e  p resum ab ly  l e s s  s t a b l e  compound 
( 37) has been a t t r i b u t e d  to  th e  s t e r e o - e l e c t r o n i c a l l y  fa v o u re d  
sy n -e l im in a t io n  i n  th e  f i v e  membered r i n g . . The t h i r d  p o s s ib le  
o l e f i n  would c o n ta in  a  t r a n s - cycloheftene and a s  such  i t s  n o n -o c c u rre n c e  
i s  n o t  u n e x p e c te d . O le f in s  (39) and (40) d ira e r i3e r a p id l y  and 
a t te m p ts  to  i s o l a t e  th e  p u re  compounds f a i l e d .
26I n  1971 K eese and K rebs r e p o r te d  th e  g e n e ra tio n  o f  
1 -n o rb o m e n e  (4 1 ) .  By t r e a t i n g  1 , 2 -d ih a lo g en o —n o rb o m a n e s  w ith  
b u ty l - l i t h iu m  i n  th e  p re se n c e  o f  fu ra n  two s te r e o is o m e r ic  a d d u c ts  
w ere o b ta in e d ,  w hich  y ie ld e d  th e  same 1 ,2  exo -n o rb o m an e  d ic a r b o x y l ic
(44)
-  +
HO NMe:
(46)
J
c 6 h 5
(49)
0 -C'CH2pln
(51)
OHe
(53)
HN
0
A . N
0
A HN
0
A
AcO
(65) (56)
^X- -Y
(57) X = NMe, Y = Cl (60) % = NMe
(59) X = 0  , Y = 0 S 0 2Me (61) X = 0
(59) X = S , Y = 0 S 0 2Me (62) X = S
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a c id  on o x id a t iv e  d e g ra d a tio n .  T hese a d d u c ts  m ust be  (42) and ( 4 3 ) .
I r r e s p e c t i v e  o f  th e  n a tu r e  o r  c o n f ig u ra t io n  o f  th e  h a lo g e n s , th e
p ro p o r t io n s  o f  (42) and (43) rem ained  c o n s ta n t  and t h i s  i s  co m p e llin g
e v id en ce  f o r  th e  in te rm e d ia c y  o f  (4 1 ) .
In  1972 th e  fo rm a tio n  o f  th e  t r a n s i e n t  b rid g e h e a d  o l e f i n s  (44)
27
and ( 45) in  th e  b ic y c lo  [ 3 * 2 .1 ]  o c ta n e  r in g  system  was d is c lo s e d .
The s y n th e s is  was accom plished  v ia  two r o u te s  in v o lv in g  in  th e  f i r s t  
c a se  th e  q u a te rn a ry  ammonium h y d ro x id e  (46) and in  th e  second ca se  
th e  th io n o c a rb o n a te  (4 7 ) .  In  b o th  in s ta n c e s  th e  o l e f i n s  w ere 
tra p p e d  a s  t h e i r  1 ,3 -d ip h e n y lis o b e n 'z a f t i r a n  D ie ls -A ld e r  ad d u c ts  
(48) a n d ,(4 9 ) .
Adamen te n e  ( 50) has  a l s o  been g e n e ra te d  a s  a t r a n s i e n t
in te rm e d ia te  b o th  from  1 , 2-d i- io d o a d e m a n ta n e  by th e  a c t io n  o f  
28b u ty l - l i t h iu m  and from  th e  e s te r  ( 51) by a p h o to ch em ica l N c r r is h
29ty p e  I I  f ra g m e n ta t io n . The fo rm er ro u te  y ie ld e d  d im er ( 52) w h i l s t
th e  p h o to c h e m ic a lly  g e n e ra te d  in te rm e d ia te  co u ld  be tra p p e d  w ith
s o lv e n t  to  g iv e  f o r  exam ple ( 53) when m ethanol was u sed  a s  s o lv e n t .
In  i t s  o r ig i n a l  form  B re d t’ s r u l e  made no m ention  o f  h e te r o c y c l i c
sy stem s, how ever, a s  p re v io u s ly  s t a t e d ,  th e  same g eo m etric  c o n s t r a i n t s
m ust ap p ly  a t  l e a s t  in  q a se s  where th e  h e te rca to m  i s  in  th e  f i r s t
23
row o f  th e  p e r io d ic  t a b l e .  The s m a l le s t  i s o l a b l e  exam ple i s  (54)
w hich c o n ta in s  a t r a n s - c y c lo - o c te n e  and i s  form ed by le a d
t e t r a - a c e t a t e  o x id a t io n  o f  th e  c o rre sp o n d in g  dihydro-com pound.
30
A s im i la r  o x id a t io n  o f  amide (55) (5^) b e l ie v e d  to  in v o lv e  a
seven  membered in te rm e d ie .te . No c o rre sp o n d in g  s ix  membered ca se  i s  
known.
B ridgehead  o l e f i n s  h av in g  a d ja c e n t  h e te ro a tcm s  have a l s o  r e c e iv e d  
31
some a t t e n t i o n .  Compounds (5 7 ) ,  ( 58) end (5 9 ) ,  w hich may be 
p re p a re d  from 5- s u b s t i t u t e d  c y c lc -o c ta n o n e s , undergo b ase  c a ta ly s e d
r e a c t io n  to  g iv e  th e  b rid g e h e a d  o l e f i n s  ( 60) ,  ( 61) and ( 62) r e s p e c t iv e l y .
(63) (64) (65)
(66) (67)
(68) n=3,4 (69)
fOH OHBr Br
H2 0
Ph Ph
OH
These a r e  fo rm a lly  b ic y c lo  [3 * 3 * 1 ] n o n - l- e n e s  in  w hich th e  m ethy lene
b r id g e  has been  r e p la c e d  by a h e te ro a to m .
Fused b i c y c l i c  sy s tem s , p re v io u s ly  ex c lu d ed  from B re d t* s  r u l e ,
have now been  shown to  be s u b je c t  to  s im i la r  r e s t r i c t i o n s  a s  b r id g e d
32b ic y c l i c  sy stem s. K o b rich  has arg u ed  th e  c a se  f o r  in c lu d in g  fu se d
system s w ith  ’’c l a s s i c a l ” B re d t compounds a s  fo l lo w s . I f  a  carbon
atom bonded to  two b r id g e h e a d s  i s  removed from , sa y , b ic y c lo  [ 3 -1 . 1 ]
h e p t - l - e n e  ( 63) ,  w hich u n d o u b te d ly  i s  a B re d t compound, th e  compound
(64) i s  o b ta in e d .  T h is  m ig h t be ex p ec ted  to  have a r in g  s t r a i n
ro u g h ly  com parable  w ith  ( 63) b u t  w here th e  tw is t in g  s t r a i n  i s  s l i g h t l y
red u ced  and th e  d e fo rm a tio n  s t r a i n  i s  s l i g h t l y  in c re a s e d .  Thus, i f
an  [ x . l . l ]  o r  [ x . l . l ]  system  i s  a  B re d t compound, th en  th e  [ x .1 . 0 ]
o r  [ x .1 . 0 ]  system  sh o u ld  a l s o  be c o n s id e re d  a s  a  B re d t compound.
T h is  seems re a s o n a b le  i f  th e  s t r a i n  i s  in  f a c t  r e l a t e d  to  th e
l8p re se n c e  o f  a t r a n s - cy c lo a lk e n e  as  Tviseman h as  su g g e s te d .
A s t a b l e  t r a n s - cyclononene ( 65) has been p re p a re d  from
9-b ro m o -b ic y c lo  [ 6 . 1 . 0 ] nonane by e l im in a t io n  o f  hydrogen brom ide
and K dbrich  has  s y n th e s is e d  th e  an a lo g u es  ( 66) and ( 67) w hich c o n ta in
a  t r  an s - c y c l 0-0  c t  en e and a t r a n  s - cy c lc  hep te n  e r e s p e c t iv e l y .  The
p re p a ra t io n  o f  ( 66) and ( 67) was accom plished  v ia  th e  a p p ro p r ia te
v in y l  ca rb en e  ( 68) .  B oth  w ere i s o l a b l e  though  ( 67) s lo w ly  decom posed.
B ic y c lo  [3*1*0] hexene ( 69) was form ed b u t  co u ld  be i s o l a t e d  o n ly  a s
i t s  d im er. A ttem p ts to  s y n th e s is e  th e  n e x t lo w er horaologue f a i l e d .
The p h y s ic a l  and chem ica l p r o p e r t i e s  o f  b i c y c l i c  compounds
c o n ta in in g  b rid g e h e a d  d oub le  bonds have been  s tu d ie d .  A c a se  where
th e  a lk en e  was i s o l a b l e  i s  p ro v id ed  by t h a t  o f  th e  compound b ic y c lo -
l8  22
[3 * 3 * 1 ] n c n - l- e n e  (2 1 ) .  9 * As th e  scheme o p p o s ite  show s, r e a c t io n s
le a d in g  to  s a tu r a t io n  o f  th e  dou b le  bond ta k e  p la c e  r e a d i l y .
Adamantene and norborn-l-ene, being more highly strained, have only 
been trapped as adducts. However, the chemistry of the perfluoro-
Cl
(70) (71)
0
( 21) (61)
(72) (73)
-9-
34d e r iv a t iv e  o f  n o rb o rn - l- e n e  h as  been  in v e s t ig a t e d  ana  y ie ia e a
a l a r g e  number o f  i n t e r e s t i n g  t r a n s f o r m a t io n s .
The ch em ica l b e h a v io u r  o f  h e te r o c y c l i c  sy stem s has a l s o  been  
s tu d ie d ? "  S o lv o ly s is  s tu d ie s 3^ on (70) and (71) show t h a t  th e y  
r e a c t  a p p re c ia b ly  f a s t e r  th a n  t h e i r  a l l - c a r b o n  an a lo g u es  and t h i s  
m ust in v o lv e  some s t a b i l i z a t i o n  o f  th e  a d ja c e n t  carbonium  io n  
\yy p - o r b i t a l  o v e r la p  from  th e  n i t r o g e n .  I n  th e  c a s e s  o f  b r id g e h e a d  
o l e f i n s  h av in g  a d ja c e n t  h e te ro a to m s i t  h as  been  shown t h a t  th e  
h e te ro a to m s c l e a r l y  in f lu e n c e  th e  r e a c t i v i t y  o f  th e  b rid g e h e a d  
doub le  bond. F o r exam ple, a d d i t io n  o f  a c e t i c  a c id  to  ( 21) a t  25°C 
i s  com plete  i n  u n d e r  two m in u te s  w h i l s t  th e  h a l f  r e a c t io n  tim e  f o r  ( 6l )  
i s  68 h o u rs . T h is  i s  a  r e s u l t  o f  c o n s t r a in in g  th e  h e te ro a to m  i n  a  
b r id g e d  b i c y c l i c  fram ework w here th e  re so n a n c e  o f  th e  h e te ro a to m  
w ith  th e  do u b le  bond h as  been  in h i b i t e d  w h ile  le a v in g  th e  in d u c t iv e  
e f f e c t  e s s e n t i a l l y  th e  same.
C ry s ta l lo g ra p h ic  and s p e c tro s c o p ic  a n a ly s i s  o f  B re d t compounds 
p ro v id e s  i n t e r e s t i n g  d a ta .  A b ic y c lo  [5 -3 * 1 ]  system  ( 72) has  been  
exam ined by x - r a y  c r y s ta l lo g r a p h y ^ *  ^7 and th e  s t r a i n  i n  th e  sy stem  
i s  seen  to  be p r e s e n t  b o th  i n  w arp ing  o f  th e  dou b le  bond and in  
bond a n g le  d e fo rm a tio n , p a r t i c u l a r l y  around  th e  b r id g e h e a d  p o s i t i o n .  
The o^p-enone system  i s  tw is te d  o u t  o f  i d e a l  c o p la n a r  a lig n m e n t and 
w ith  c o n ju g a tio n  th u s  i n h i b i t e d  th e  an a lo g o u s enone ( 73) f a i l s  to  add  
m alon ic  e s t e r  u n d e r  M ichael c o n d i t io n s .  As re g a rd s  th e  u .v .  
s p e c tro sc o p y  o f  th e s e  sy stem s w arp ing  o f  th e  TT-bond c a u s e s  a  
bathoch rom ic  s h i f t  and a  r i s e  i n  £  max w h i l s t  p o o r o v e r la p  betw een 
two a d ja c e n t  T T -bonds (su c h  a s  i n  (7 3 ))  le a d s  to  a  d rop  i n  £  max 
b u t  no change i n  ^  max u n t i l  th e  a n g le  becomes s e v e re  w hereupon t h e r e  
i s  a  hypsochrom ic s h i f t .  An e f f e c t  i s  a l s o  to  b e  seen  i n  th e  i . r .  
and n .m .r .  s p e c t r a .  A com parison o f  th e  i . r . ,  u . v . ,  and n . r a .r .  
s p e c t r a  o f  s e v e r a l  a lk e n e s  and enones has been p re s e n te d  by  Buchanan3^
a dw
b e
fig 1 fig 2
s  — ...... 7
(70  (75)
OSiMe
(81) (82)
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I t  i s  nov c l e a r  t h a t  th e  i n s t a b i l i t y  o f  compounds c o n ta in in g  
b rid g e h e a d  do u b le  bonds i s  due to  th e  d i s t o r t i o n  o f  th e  d o u b le  bond . 
The d i s t o r t i o n s  a r e  tw o -fo ld  : a) I n - p la n e  d e fo rm a tio n s  and 
b) O u t-o f -p la n e  d e fo rm a tio n s . These a r e  r e p re s e n te d  in  f i g u r e s  I  and 
2 r e s p e c t iv e ly .  I t  sh o u ld  a l s o  be  a p p a re n t from th e  fo re g o in g  
d is c u s s io n  t h a t  th e  ran g e  o f  v a l i d i t y  o f  B redt* s r u l e  now encom passes 
b r id g e d , fu se d  and h e te ro p o ly c y c l ic  system s i n  w hich a  d o u b le  bond 
i s  lo c a te d  a t  a  b rid g e h e a d  p o s i t i o n .  The th r e s h o ld  betw een  i s o l a b l e  
and n o n - is o la b le  a lk e n e s  may be  d i f f e r e n t  i n  each  sy stem .
C u r r e n t ly ,  th e  s tu d y  o f  b i c y c l i c  b r id g e h e a d  a lk e n e s  rem ain s  a
40 ,  .
to p ic  o f  much i n t e r e s t .  I n  1975 s y n th e s is  o f  th e  t r i c y c l e  (74)
was r e p o r te d .  P re p a re d  from (75) by d e ty d ro b ro m in a tio n  w ith  sodium
amide in  r e f lu x in g  to lu e n e ,  th e  r e a c t io n  was h ig h ly  r e g i o - s p e c i f i c
g iv in g  n e i t h e r  3 (4 ) -e n e  n o r  3 ( 8 ) - e n e .  T h is  was e x p la in e d  in  te rm s
o f  a p la n a r c i s - e l im in a t io n  o f  th e  2 - e x o  hydrogen and 1-b ro m in e  a to m s.
However th e  a u th o rs  w rongly  c i t e  t h i s  a s  th e  f i r s t  exam ple o f  th e
fo rm a tio n  o f  a B re d t compound in  d eh y d ro h a lo g e n a tio n  o f  a  b r id g e h e a d
h a lid e ? * *
I n  1976 B lo c h ^  d e s c r ib e d  ev id en ce  f o r  th e  fo rm a tio n  o f  a
b r id g eh e ad  t r i m e t h y l s i l y l  e n o l e th e r  ( 76) d u r in g  th e  th e rm a l
d e c a rb o x y la tio n  o f  th e  e s t e r  (7 7 ) .  T h is  r e p o r t  i s  o f  i n t e r e s t  
s in c e  th e  d e c a rb o x y la tio n  o f  some b i c y c l i c  p - k e to a c id s  i s  su g g e s te d  
to  p ro ceed  v ia  s t r a i n e d  b r id g e h e a d  eno l3  b u t  th e  p re s e n c e  o f  th e s e  
in te rm e d ia te s  has n e v e r  been shown. The p ro d u c ts  o b ta in e d  from  th e  
th e rm o ly s is  o f  ( 77) w ere th e  two e n o l e th e r s  ( 78) and ( 79) and t h e i r  
h y d ro ly s is  p ro d u c ts  (80) and ( 8l ) .  A d d itio n a l s u p p o r t  f o r  th e  
in te rm e d ia te  fo rm a tio n  o f  ( 76) was g iv e n  by th e  th e rm o ly s is  o f  th e  
d eu te riu m  la b e l l e d  k e t o - e s t e r  (82) .
I n  1977 th e  p r e p a ra t io n 42 o f  ( 83) ,  a d e r iv a t iv e  o f  ( 8 4 ) was
d e s c r ib e d .  The g e n e ra tio n  o f  ( 83) was accom plished  u s in g  f l u o r i d e
Si Meg
Q
(85)
Q
(84)
(86)
(87)
(88) (89)
(83) (83a)
ion-promoted e l im in a t io n  o f  JB -h a lo s ila n e  from ( 85) .  E v idence f o r  
th e  fo rm a tio n  o f  ( 83) was o b ta in e d  by tr a p p in g  i t  w ith  C, N -d i-  
p h e n y ln itro n e  to  g iv e  th e  c y c lo -a d d u c t ( 86) .  E v idence  f o r  th e
in te rm e d ia c y  o f  th e  ca rb en e  ( 87) ,  d e r iv e d  from  th e  a lk e n e  ( 83) 
was o b ta in e d  from  th e  r e a c t io n  o f  ( 85) i n  th e  p re s e n c e  o f  
te t r a h y d r o f u r s n  and cy clohexene  to  g iv e  ( 88) and ( 89) r e s p e c t iv e l y .
The p re se n c e  o f  ( 87) r a i s e s  th e  q u e s tio n  e v e r  p r e s e n t  i n  s tu d ie s  o f  
s t r a i n e d  a lk e n e s :  What i s  th e  n a tu r e  o f  th e  d o u b le  bond? I s  i t
p e rh ap s  b e t t e r  r e p r e s e n te d  i n  th e  ground s t a t e  a s  a  d i r a d i c a l  o r  a
26c 39C -y lid e  o r  i s  t h i s  m ere ly  a  m a t te r  o f  sem antics?"^ I f  ( 83)
may be b e t t e r  re p re s e n te d  b y  th e  d ip o le  (83a )  th a n  by  a  d i r a d i c a l ,
th e  b ic y c lo  [ 2 . 2 . 2 ] to  [ 3 . 2 . 1 ] re a rra n g e m e n t can b e  u n d e rs to o d  s in c e
su ch  re a rra n g e m e n ts  have been  w e ll docum ented in  carbonium  io n
c h e m is try .
L ooking to  th e  f u t u r e ,  s tu d ie s  on B red t* s  r u l e  w i l l  p ro b a b ly  
s t i l l  c o n c e n tra te  on m ethods o f  s y n th e s is in g  th e  h ig h ly  s t r a i n e d  
members o f  B re d t compounds and exam ining  t h e i r  p h y s ic a l  and ch em ica l 
p r o p e r t i e s .  Y et th e r e  a r e  unansw ered  q u e s tio n s  am enable to  s tu d y  
v i a  l a r g e r  r in g  o l e f i n s .  F o r exam ple, w hat i s  th e  r e l a t i v e  s t a b i l i t y  
o f  (90) and (9 1 )?  Wiseman* s  t r a n s c y c lo a lk e n e  h y p o th e s is  o f f e r s  no 
h e lp .
K obrich  has fo rm u la te d  th r e e  r u l e s  :
R ule A. F o r homologues w ith  d i f f e r e n t  S v a lu e s ,  th e  r in g  s t r a i n  
v a r ie s  in v e r s e ly  w ith  S.
R ule B. F o r a  g iv e n  S , th e  r in g  s t r a i n  v a r i e s  i n v e r s e ly  w ith  th e  
s iz e  o f  th e  l a r g e r  o f  th e  two r in g s  w ith  r e s p e c t  to  w hich 
th e  b r id g e h e a d  doub le  bond i s  e n d o c y c lic .
R ule C. F o r a  g iv e n  b ic y c l i c  r i n g  s k e le to n ,  th e  r in g  s t r a i n  v a r i e s  
I n v e r s e ly  w ith  th e  s i z e  o f  th e  b r id g e  c o n ta in in g  th e  
b rid g e h e a d  doub le  bond.
n(90)
n > 3
(37) (38)
0
(92)
0
(93)
(94-) (39)
(40) (67)
Schem e 2
(96) X =  X =  Br (41)
1. 0 3/CH2CL2/-70 C /  
\ 2  C^/CHgCOObu H + 
\  7 0 -7 5  C /
(95)
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On th e  b a s i s  o f  R ule C th e r e f o r e  we would say  t h a t  (90) i s  more
24s t r a i n e d  th a n  (9 1 ) .  W isem an' had re a c h e d  th e  same c o n c lu s io n  from
4
a Study of models b u t  a P E -s p e c tro s c o p ic  in v e s t i g a t io n  was in c o n c lu s iv e .
In  1977 a  p a p e r d e s c r ib in g  m o le c u la r  m echanics c a l c u la t io n s  a r r iv e d
a t  th e  o p p o s ite  c o n c l u s i o n ^  and r e c e n t  e s t im a t io n s  o f  th e  r e l a t i v e
s t r a i n  in  (37) and ( 3^) s u p p o r t t h i s ,  nam ely t h a t  th e  d o u b le  bond
4 6i s  more s t r a in e d  when i t  i s  lo c a te d  i n  th e  l a r g e r  b r id g e .  An
47a t te m p t to  shed  f u r t h e r  l i g h t  on th e  problem  was made by C a r r u th e r s .
He had hoped to  o b ta in  an answ er th ro u g h  a com parison  o f  th e
p r o p e r t i e s  o f  ( 92) and (93) b u t  u n f o r tu n a te ly  was u n a b le  to  s y n th e s is e
th e  l a t t e r  iso m e r.
T here a re  a ls o  an o m alie s  to  be  e x p la in e d  i n  th e  c a s e  o f ,  f o r
in s ta n c e ,  (9 4 ) ,  (3 9 )> (40) and ( 67) .  H ere , a l th o u g h  a l l  o f  th e
compounds in c o rp o r a te  a  t r a n s - c y c lo h e p te n e . ( 94) i s  much more s t a b l e
th a n  any o f  th e  o th e r s .
The rem a in in g  f a c e t  o f  B re d t1s r u l e  w hich i s  s t i l l  l a r g e l y
u n e x p lo re d  i s  th e  u se  o f  b r id g e h e a d  o l e f i n s  i n  s y n th e s i s .  One
exam ple o f  t h i s  i s  to  be seen  in  th e  s y n th e s is  o f  ( 95) from  ( 96)
26a
1-B orbom ene (4 1 ) .  The s y n th e s is  was c a r r i e d  o u t  a s  shown in  
Scheme 2 .
PART_1
HH
(97)
(98) (38)
(99) (100)
(39) (40)
(44) (45)
(67) (94) (101)
- 13 -
B r e d t 's  R ule and th e  M llls -N ix c n  E f f e c t .
18 1 0 , 21a ,  32 , 39
W isem an's r e d e f i n i t i o n  o f  B red t* s  r u l e  , in
w hich th e  s t r a i n  in h e r e n t  in  a b r id g eh e ad  d o u b le  bond ( 27) i s  r e l a t e d
to  th e  s t r a i n  i n  th e  c o rre sp o n d in g  t r a n s - c y c lo a lk e n e  (97) > d° es
i t s e l f  need  to  be  q u a l i f i e d  o r  r e s t a t e d  in  more fu n d am e n ta l te rm s i f
i t  i s  to  a llo w  a l l  o f  th e  do u b le  bond iso m e rs  w ith in  any  g iv e n
b rid g e d  b ic y c l i c  m o le c u le , f o r  exam ple ( 37) > ( 98) end ( 38) ,  to  be  com pared .
The h y p o th e s is  i n d i c a te s  t h a t  ( 98) i s  more s t r a i n e d  th a n  e i t h e r  (37)
o r  ( 38) ,  however th e  en e rg y  r e l a t i o n s h ip  betw een ( 37) aad  ( 38) i s
n o t  c l e a r .  N e ith e r  i s  i t  p o s s i b le ,  on th e  b a s i s  o f  Wiseman* s
h y p o th e s is ,  to  d i s t i n g u i s h  betw een ( 37) > (38) > ( 21) snd  ( 99)»  th o u g h
a l l  o f  them a re  t r a n s - c y c lo -c c te n e s . n o r  to  compare them w ith  t r a n s —
c y c lo -o c te n e  i t s e l f  (100) •
Such e x p e rim e n ta l e v id en ce  a s  i s  a v a i l a b l e  s u g g e s ts  t h a t  su ch
iso m ers  w i l l  n o t  be e q u a l ly  s t r a i n e d .  T hus, in  th e  t r a n s - cy c lc h e p  te n e
s e r i e s ,  (39) and (40) b o th  d im e r is e  a t  room te m p e ra tu re  b u t  a t  d i f f e r e n t
r a t e s ^  ( 44) end ( 45) a r e  s l s o  u n i s o l a b l e ^  w h ile  ( 67) h a s  a h a l f - l i f e
o f  a p p ro x im a te ly  70 h o u rs  a t  room te m p e ra tu re  and (94 ) a p p e a rs  to
49be f a r  more s t a b l e  th a n  any o f  th e  o th e r s .  T ra n s -c y c lo h e n te n e
i t s e l f  (101) h as  o n ly  been  d e te c te d  a s  a  t r a n s i e n t  in t e r m e d ia te .
From th e  above d a ta  we may a t  l e a s t  con c lu d e  :
1 .  B ridgehead  d oub le  bonds in  a  b ic y c lo  [ x . y . o . ]  sy s tem , f o r  
exam ple (94) and (99) 9 a r e  l e s s  s t r a in e d  th a n  i n  a  b ic y c lo  [ x . y . z . ]  
system  ( z ^ o ) ,  f o r  exam ple ( 21) and (4 0 ) .
2 . B ridgehead  dou b le  bonds in  b r id g e d  system s d i f f e r  i n  s t r a i n  
depending  on w h eth er th e y  a r e  lo c a te d  in  th e  s m a l le r  o r  th e  l a r g e r  
b r id g e ,  a s  in  ( 39) and (4 0 ) .
The pu rp o se  o f  o u r  i n v e s t ig a t io n  was to  c l a r i f y  t h i s  l a t t e r  p o in t .
A t th e  o u t s e t  o f  t h i s  work K c b r ic h 52 and Wiseman24 had  in d e p e n d e n tly  
a r r iv e d  a t  th e  c o n c lu s io n  t h a t  a  dou b le  bond lo c a te d  i n  th e  s m a l le r
S ch em e 3
( 1 0 3 )(15 b)(102)
(105a) (105b)
(106)
4/
C*
p
(107) (108)
(108a) (108 b)
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b r id g e  v i l l  be th e  more s t r a i n e d  one* S in c e  th e  s t a r t  c f  t h i s
w ork, how ever, B u rk e r t  , u s in g  m o le c u la r  m echan ics c a l c u l a t i o n s ,  h as
a r r iv e d  a t  th e  o p p o s ite  c o n c lu s io n . R ecen t e s t im a t io n s  o f  th e
r e l a t i v e  s t r a i n  in  ( 37) and (38) s u p p o r t t h i s ,  i . e .  t h a t  a  d oub le
46
bond lo c a te d  in  th e  l a r g e r  b r id g e  v i l l  be more s t r a i n e d .
The p r e s e n t  v c rk  d e s c r ib e s  an in v e s t i g a t io n  o f  th e  b r id g e d
bicyclic hemiacetel (105) which had been obtained by Treibs^0 by the
ro u te  shown in  Scheme 3* An ex am in a tio n  o f  m o le c u la r  m odels i n d i c a t e s
t h a t  th e  a ro m a tic  r in g  i n  (105) i s  s e v e r e ly  s t r a in e d  and o u r  o b je c t iv e
was to  i n v e s t i g a t e  th e  p o s s i b i l i t y  o f  bond f ix a t io n  w i th in  th e  a ro m a tic
51
r in g .  A p a rt from  (106) , w hich i s  sy m m e tric a l, compound (105)
i s  th e  o n ly  known exam ple o f  an a ro m a tic  r in g  lo c a te d  on two b r id g e s
o f  a  b r id g e d  b ic y c le .  The s t r u c t u r e  o f  (106) i s  c o m p le te ly
u n s u b s ta n t ia te d  i n  t h a t  no s t r u c t u r a l  e v id e n c e  has been  p ro v id e d  a p a r t
from 8n u .v .  spec trum  w hich , a  l i t t l e  s u r p r i s in g ly ,  shows much f i n e
s t r u c t u r e .  Compound (105) i s  th e r e f o r e  a u n iq u e  B re d t compound i n  t h a t
th e  two c o n t r ib u t in g  K ekule s t r u c t u r e s  (105a) and ( 105b) r e q u i r e  a
b rid g eh e ad  d oub le  bond. M oreover, th e s e  s t r u c t u r e s  w i l l  have d i f f e r e n t
e n e rg ie s .  I t  was hoped t h a t  a  s i g n i f i c a n t  d i f f e r e n c e  i n  e n e rg ie s
betw een th e  K ekule " iso m ers"  w ould be  r e f l e c t e d  i n  a  d e g re e  o f  bond
l o c a l i s a t i o n .  I n  tu r n ,  i t  was hoped t h a t  t h i s  w ould sh ed  l i g h t  on
th e  q u e s tio n  a s  to  w h eth er a  b r id g e h e a d  d o u b le  bond i s  m ore s t r a i n e d
when lo c a te d  i n  th e  l a r g e r  o r  s m a lle r  b r id g e  o f  a  b i c y c l e .
The co n ce p t c f  bond l o c a l i s a t i o n  o r ig in a te d  i n  I 93O when M il l s  
52
and Nixon explained the predominant <v substitution in (107) and (3 
substitution in (108) in terms cf the bond—fixated structures shown.
A t th e  tim e th e r e  was a  s e a rc h  f o r  c o n f irm a tio n  c f  th e  e f f e c t  u s in g  
su ch  p h y s ic a l  end chem ica l te c h n iq u e s  a s  w ere a v a i l a b l e  b u t  no f irm  
ev id en ce  was o b ta in e d  and th e  to p ic  l o s t  p o p u la r i ty .  I n  1946 C ou lscn
53and H ig g in s  p u b lish e d  c a lc u la t io n s  t c  show t h a t  s t r u c t u r e  (108a) was
(109) n = 1 - 4
(110) (111)
C 6 H 5
1-4-17 1385
C 0 2 M e  1-519
C 02Me
C6H5
1-392
H21 1-389
1-333
(112) fig 3 
Bond lengths (A)
p r e f e r r e d  r a t h e r  th a n  ( 108b) w hich c o n t r a d ic t s  th e  c o n c lu s io n
a r r iv e d  a t  by M il l s  and N ixon. I t  was some 25 y e a r s  t i l l  th e  n e x t
54
t h e o r e t i c a l  s tu d y  was made on th e  g e o m e tr ie s  c f  b e n z o c y c lo a lk e n e s  . 
These se m i-e m p ir ic a l c a l c u la t io n s  p r e d i c t  bond l o c a l i s a t i o n  in  (109) 
and in  v in d ic a t io n  o f  M il l s  and Nixon concluded  t h a t  i n  th e  c a se  c f  
in d an e  s t r u c t u r e  (108b) c o n t r ib u te s  more to  th e  h y b r id  th a n  ( I 08a ) .
The reduced  r e a c t i v i t y  o f  th e  c< p o s i t io n  i n  (108) h as  been  e x p la in e d
55 , 5 6b o th  in  te rm s o f  s t r a i n  and h y b r id i s a t io n  •
More r e c e n t ly ,  w ith  th e  s y n th e s is  o f  m o lecu le s  more s t r a i n e d
th a n  (108) , 8nd w ith  th e  a v a i l a b i l i t y  o f  modern te c h n iq u e s  w ith  w hich
to  examine them , th e r e  has been a  reaw aken ing  o f  i n t e r e s t  i n  th e
M ills -N ix c n  e f f e c t .  The f i r s t  s u b s t i t u t e d  b en zo cy c lo p ro p en e  (110)
57was r e p o r te d  i n  1964 and th e  p a r e n t  compound ( i l l )  ap p e a re d  in  th e
l i t e r a t u r e  i n  th e  fo llo w in g  y e a r ^ .  X -ray  d a ta  ( s e e  f i g u r e  3 ) on
59
th e  s u b s t i tu t e d  b en zocyclop ropene  (112) a r e  n o t ,  how ever, r e a d i l y  
i n t e r p r e t a b l e  in  te rm s o f  b o n d - f ix a te d  s t r u c t u r e s .  A lth o u g h  
bond i s  a lm o s t as  s h o r t  a s  a  ca rb o n -c a rb o n  d oub le  b en d , bonds
C2 and ^ a re  lo n g ,  t h a t  i s ,  t h e r e  a re  th r e e  c o n s e c u t iv e  s h o r t  
bonds and n o t  an a l t e r n a t i n g  system  a s  ex p ec ted  by  th e  M ills -N ix c n  
h y p o th e s is .  N e i th e r  i s  th e  d e c re a se d  a ro m a t ic i ty  a s s o c ia t e d  w ith  
bond f ix a t io n  ev id en ced  by  th e  o b se rv ed  d ia m ag n e tic  r in g  c u r r e n t  c f  
( i l l )  w hich would i n d i c a t e  a  norm al a ro m a tic  sy stem .
The s t r a i n  in  (111) i s  w h o lly  due to  in - p la n e  d i s t o r t i o n  o f  th e  
a ro m a tic  r in g  by th e  cy c lo p rc p e n e  m o ie ty . The e f f e c t  c f  o u t - c f - p l a n e  
d i s t o r t i o n  on bond f ix a t io n  has n o t  been  p r e v io u s ly  in v e s t i g a t e d  and 
t h i s  i s  th e  ty p e  o f  r in g  d i s t o r t i o n  w hich i s  l i k e l y  to  be found  i n  ( 105) 
S y n th e s is  o f  H em iace ta l (1 0 5 ) .
T e trah y d ro acen ap h th en e  ( te t r a p h th e n e )  ( 15b) was r e a d i l y  o b ta in e d  
i n  a lm o s t q u a n t i t a t i v e  y ie ld  by th e  h y d ro g en a tio n  o f  ace n ap h th en e  ( 102)
60
e v e r  Raney n ic k e l  c a t a l y s t  . The h y d ro g e n a tio n  was c a r r i e d  c u t  a t
Fig 4
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50h ig h  p r e s s u re  end te m p e ra tu re  in  th e  fa s h io n  o f  T re ib s^  a l th o u g h  i t  
i s  p o s s ib le  to  c a r ry  o u t  th e  r e d u c t io n  a t  a tm o sp h eric  p r e s s u r e ^ .
A f te r  p u r i f i c a t i o n  th e  m .s . ,  i . r . ,  and n .m .r .  ev id en ce  o b ta in e d  v a s  
c o n s i s te n t  v i t h  a  re d u c t io n  o f  ( 102) to  ( l^ b )  v i t h o u t  th e  fo rm a tio n  
o f  decah y d ro acen ap h th en e .
The p ro d u c t (15b) v a s  th e n  oxygenated  f o r  100 hou rs  i n  an 
a l l - g l a s s  a p p a ra tu s  ( f ig u r e  4) a t  room te m p e ra tu re . V ork-up o f  th e  
p ro d u c t o f  t h i s  r e a c t io n  ( s e e  e x p e rim e n ta l s e c t io n  f o r  d e t a i l s )  y ie ld e d  
a th ic k  gum (c ru d e  h y d ro p ero x id e  (103 ))«  P a r t i a l  c r y s t a l l i s a t i o n  o f  
t h i s  gum gave m a te r ia l  v h ic h  vas i d e n t i f i e d  as  th e  sy m m etrica l p e ro x id e  
(1 1 3 ). The m .s . shoved a  p a r e n t  io n  a t  m /e  346 v i t h  a  s i g n i f i c a n t  
io n  a t  m /e 173 da© to  c le a v a g e  o f  th e  oxygen-oxygen bond. The 
i . r .  and n .m .r .  ev id en ce  v as  c o n s i s te n t  v i t h  s t r u c t u r e  (U 3 )*
As th e  i n i t i a l  y i e ld  o f  c rude  p ro d u c t from th e  a u to x id a t io n  v a s  
lo v  (ca .5 % ). th e  i s o l a t i o n  o f  a  s ig n i f i c a n t  p o r t io n  o f  i t  a s  sy m m e tric a l 
p e ro x id e  v as  a d isa p p o in tm e n t and a t te m p ts  v e re  made to  in c r e a s e  th e  
y ie ld  o f  th e  h y d ro p ero x id e  (1 0 3 ) . F i r s t l y ,  an im proved m ethod o f  
in tro d u c in g  th e  0^ v as  t r i e d  u s in g  th e  a p p a ra tu s  shovn i n  f ig u r e  5 .
T h is  had no e f f e c t  on th e  r e a c t io n .  S econdly , i t  i s  knovn t h a t  
a u to x id a tio n  o f  hyd ro carb o n s may be f a c i l i t a t e d  by  th e  u s e  o f  t r a n s i t i o n  
m e ta l c a t a l y s t s .  To t h i s  end C o (acac )^  and su b se q u e n tly  f i n e l y  d iv id e d  
c o b a l t  m e ta l v e re  u sed  i n  t r a c e  q u a n t i t i e s  i n  r e p e a t  r e a c t io n s  b u t  * 
ag a in  th e  y i e ld  o f  (103) v as  n o t  im proved. F in a l ly ,  sn  a l l - q u a r t z  
a p p a ra tu s ,  such  a s  d e p ic te d  i n  f ig u r e  6 ,  vas u se d . H ovever, no 
s i g n i f i c a n t  e f f e c t  cn th e  r e a c t io n  v a s  o bserved . I t  v a s  e v id e n t  a t  
t h i s  p o in t  t h a t  th e r e  v as  n o t  much room f o r  im provem ent o f  th e  r e a c t io n  
c o n d i t io n s .  I t  v a s  th e r e f o r e  d ec id ed  to  u se  th e  a p p a ra tu s  d e p ic te d  
in  f ig u r e  5 f o r  any f u r t h e r  a u to x id a tio n  r e a c t io n s .
The h y d ro p ero x id e  (103) > now s e p a ra te d  from sy m m etrica l p e ro x id e  
( 113) ,  co u ld  s t i l l  n o t  be c r y s t a l l i s e d  and vas used  i n  th e  form  o f  a
OOH
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gum -w ithout f u r t h e r  p u r i f i c a t i o n  to  p re p a re  th e  e s t e r  (1 0 4 ) .
T rea tm en t o f  (103) v i t h  £ - n i t r o -b e n z o y l  c h lo r id e  i n  d ry  p y r id in e
a t  room te m p e ra tu re  f o r  1 ho u r fo llo w ed  by w ork-up y ie ld e d  th e
£ - n i t r o b e n z o a te  (104) i n  a  c ru d e  form w hich c o u ld  n o t  be c ry s ta JL lis e d
50
by th e  l i t e r a t u r e  p ro c e d u re  and a  new v c rk -u p  m ethod v a s  d e r iv e d .
T h is  in v o lv e d  e i t h e r  p l a t e  chrom atography o r  d ry  column chrom atography
and d id  g iv e  th e  d e s i r e d  c r y s t a l l i n e  p ^ n i t r o b e n z o a te ,  m .p . 108-109°C 
50 o
( l i t ,  m .p , 108-109 C ). The mass spectrum  showed a p a r e n t  io n  a t
c c l4
m /e 339* I n f r a - r e d  sp e c tro sc o p y  showed v co 1745 > 173° th e  
n .m .r .  had two s ig n a l s  in  th e  a ro m a tic  r e g io n .  One s ig n a l  a t  
& 8 ,3  ( s ,  4H) was a s s ig n e d  t c  th e  p ro to n s  o f  th e  p a r a - d i s u b s t i t u t e d  
benzene r in g  and th e  o th e r  a t  &  7*05 (m, 3*0 was a s s ig n e d  to  th e  
p ro to n s  o f  th e  t r i s u b s t i t u t e d  benzene r in g .
KI t  was p roposed  t h a t  h ig h  r e s o lu t io n  h  n .m .r .  and C n .m .r .
s p e c t r a  sh o u ld  be o b ta in e d  on (104) in  a d d i t io n  to  an x - r a y  a n a l y s i s .
I n  th e  e v e n t however no c r y s t a l s  o f  (104) c o u ld  be p re p a re d  t h a t
v e re  s u i t a b le  f o r  x - r a y  a n a ly s i s  ( th e y  a r e  tw inned  n e e d le s  ) and an
a tte m p t to  red u ce  and s im u lta n e o u s ly  a c e ty l a t e  th e  -  N0^ fu n c t io n
f a i l e d  to  y i e l d  a  c l e a r  p ro d u c t.
The h y d ro ly s is  o f  th e  e s t e r  (104) to  th e  h e m i-a c e ta l  (105) was
now c a r r i e d  c u t  i n  th e  hope t h a t  c r y s t a l s  o f  t h i s  compound w ould be
more a c c e p ta b le  f o r  x - r a y  a n a ly s i s .  H y d ro ly s is  by  th e  l i t e r a t u r e  
50
method gave th e  h e m ia c e ta l a s  c o lo u r le s s  p rism s  (n -p e n ta n e )
,o 50 ^ 0 x
m»P* 75-76  C ( l i t  m .p . 76 .5 -77*5  C ). The mass sp ec tru m  showed
a  p a re n t  io n  a t  m/e 190 , th e  i . r .  showed V * o h ^  3^0 0 ,  35&)-3200 and 
1
th e  H n .m .r .  had one exchangeab le  p ro to n  s ig n a l  a t  3*9 .
S ig n i f i c a n t ly ,  th e r e  i s  a  s ig n a l  a t r c a ,  £  0 .8 5  w hich  i s  a s s ig n e d  
to  one o f  th e  p ro to n s  a d ja c e n t to  th e  b rid g e h e a d  w hich  i s  tu c k e d  u n d e r  
th e  a ro m a tic  r in g .
A p re lim in a ry  exam ination  o f  (105) f o r  x - r a y  c r y s ta l lo g r a p h y
(112) (115) a) n=1 (116)
b) n=2
(117) a) n = 6 (118) a) R- H (119) a) n=2
b) r \ - l  b) R=Me b) n=3
c) n=8 c) R=j-Pr
d) n=10 d) R= t-Bu
e) R= Et
( 120) (105)
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re v e a le d  t h a t  th e  c r y s t a l s  a r e  d is o rd e re d  , however T r e ib f s 
h e m ia c e ta l can u s e f u l l y  be compared s p e c t r o s c o p ic a l ly  w ith  s e v e r a l  
model compounds. In  some c a s e s  th e  n e c e s s a ry  s p e c tro s c o p ic  d a ta  
were to  be  found in  th e  l i t e r a t u r e ,  b u t  i n  o th e r  c a s e s  i t  was 
n e c e s s a ry  to  s y n th e s is e  th e  compounds p r i o r  to  o b ta in in g  th e  s p e c t r a .  
Compounds (1 1 4 )-(1 2 0 )  w ere chosen  a s  m odels f o r  com parison  w ith  (IO 5 K  
The s y n th e s is  o f  ( l l 8 b ) , (119&) and (119b) was r o u t i n e ly  c a r r i e d  o u t  
and i s  d e s c r ib e d  in  th e  e x p e r im e n ta l s e c t i o n .  I n  a d d i t io n  to  th e  
s p e c tro s c o p ic  i n v e s t i g a t i o n ,  m o le c u la r  m echan ics c a l c u l a t i o n s  w ere 
c a r r i e d  o u t  f o r  s t r u c t u r e  (105) and t h i s  a s p e c t  o f  th e  work w i l l  b e  
d e s c r ib e d  in  th e  fo llo w in g  s e c t io n .
M o lecu la r  M echanics C a lc u la t io n s .
M o le c u la r  m echanics c a lc u la t io n s  have been p e rfo rm e d , in  r e c e n t  
y e a r s ,  on an in c r e a s in g  number and ty p e  o f  o rg a n ic  m o lecu le s  and 
have been  m ost u s e f u l  in  th e  i n t e r p r e t a t i o n  and u n d e rs ta n d in g  o f  
v a r io u s  e x p e r im e n ta l r e s u l t s .  The e lu c id a t io n  o f  m o le c u la r  
c o n fo rm a tio n , therm odynam ic p r o p e r t i e s ,  r e a c t io n  m echanism s and 
k i n e t i c s  have been  u n d e rta k e n  a s  w e ll  as  th e  i n t e r p r e t a t i o n  o f  
s p e c tro s c o p ic  r e s u l t s .
A t p r e s e n t ,  h ig h  p r e c i s io n  c a l c u la t io n s  a re  o n ly  p o s s ib le  f o r
63 64
a l im i te d  ran g e  o f  compounds em bracing  a lk a n e s  , a lk e n e s  and
65
c a rb o n y l compounds tho u g h  u s e f u l ,  b u t  l e s s  r e l i a b l e  c a l c u l a t i o n s  have  
b e e n  p erfo rm ed  on compounds such  a s  a l k y n e s ^ ,  s u lp h u r  c o n ta in in g  
com p o u n d s^ , s e s q u i t e r p e n e s ^  and p e p t i d e s ^  u s in g  ad -h o c  f o r c e  f i e l d s .
F o r th e  p u rp o se s  o f  m o le c u la r  m echanics c a l c u l a t i o n s ,  th e  m o le c u le  
i s  t r e a t e d  a s  an i s o l a t e d  ensem ble o f  s t a t i c  n u c l e i i  h e ld  to g e th e r  by 
e l a s t i c  l i n k a g e s .  The f i r s t  re q u ire m e n t i s  th e r e f o r e  a  s e t  o f  t h r e e  
d im en sio n a l a to m ic  c o - o r d in a te s  w hich d e s c r ib e ,  a t  l e a s t  a p p ro x im a te ly , 
th e  a rran g em en t o f  th e  n u c l e i i  i n  sp a c e . No r e a l  m o lecu le  i s  s t r a i n  
f r e e ,  th e  d i f f e r e n c e  i n  en erg y  betw een th e  h y p o th e t ic a l  s t r a i n  f r e e
10
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Fig 7 Conformer I [total RE. 13-6 kcal/mole]
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m o lecu le  and i t s  r e a l  c o u n te r p a r t  b e in g  i t s  p o t e n t i a l  e n e rg y . I n  
th e  c o n te x t  o f  m o le c u la r  m echan ics c a l c u la t io n s  t h i s  h as  become 
known a s  th e  s t e r i c  en e rg y . M o lecu la r m echanics c a l c u la t io n s  
m in im ise  th e  s t e r i c  en e rg y  o f  a  g iv e n  m o le c u la r  s t r u c t u r e  by 
s y s te m a t ic a l ly  a d ju s t in g  i t s  geom etry . The e n t i t y  w hich e n a b le s  
th e  s t e r i c  en erg y  o f  a  m o lecu le  to  be c a lc u la te d  a s  a  fu n c t io n  c f  
i t s  geom etry  i s  known a s  a  f o r c e  f i e l d .
The S te r i c  e n e rg y , Vs , i s  p a r t i t i o n e d  in t o  th e  sum o f  a  s e r i e s  
o f  com ponents, w ith  each  c o n t r ib u to r  e x p re s s in g  p o t e n t i a l  en e rg y  
i n  te rm s o f  an e a s i l y  v i s u a l i s e d  m o le c u la r  d e fo rm a tio n  from  th e
s t r a i n  f r e e  s i t u a t i o n .  I n  g e n e r a l ,  Vg may be w r i t t e n  a s  :
Vs  = V( l )  + V( 6) + V(v ) + V( r )  + V(q) + V( P iP j)
w here r e p r e s e n ts  th e  m o le c u la r  p o t e n t i a l  energ y  due to  bond
s t r e t c h in g  from s t r a i n  f r e e  v a lu e s  and ^ ( w)> ^ ( r )  ^ (q )
a r e  th e  co rre sp o n d in g  te rm s f o r  a n g le  b en d in g , bond t o r s i o n ,  
non-bonded in te ra c t io n s  and coulom bic in te ra c t io n s  r e s p e c t iv e l y .
V (p ip j)  a r i s e s  from c ro s s  te rm s w here th e  en e rg y  i s  a  f u n c t io n  o f  two 
o r  more c f  th e  p re v io u s  m o le c u la r  d im en s io n s . When th e  s t e r i c  e n e rg y  
h as  been  reduced  to  i t s  minimum v a lu e  th e r e  sho u ld  be  a  v e ry  c lo s e  
co rresp o n d en ce  betw een th e  r e a l  and c a lc u la te d  s t r u c t u r e s .
From a  s tu d y  o f  m o le c u la r  m odels i t  i s  c l e a r  t h a t  th e  h e m ia c e ta l  
(105) can ad o p t th e  two co n fo rm a tio n s  (IO5I )  and ( IO5H ). E nergy  
m in im isa tio n  c a l c u la t io n s ,  w hich w ere c a r r i e d  o u t by Mr. C. Morrow 
o f  t h i s  d e p a rtm e n t, le a d  to  th e  c o n c lu s io n  t h a t  th e  fo rm er i s  p r e f e r r e d  
by ab o u t 1 .5  K c a l. m ole \  The c a l c u la t io n s  on con fo rm er 1 ^  g iv e  
bond le n g th s  and a n g le s  a s  shown in  f ig u r e  7 . T hese r e s u l t s  show t h a t  
th e  a ro m a tic  r in g  i s  d i s t o r t e d  i n  a  number o f  w ays. The a ro m a tic  
ca rb o n -ca rb o n  bonds le n g th s  a r e  norm al ( I .38  -  1 .4 0 1 ) e x c e p t  f o r  
C1 ~ C6 w hich i s  £S s h o r t  a s  011 o l e f i n i c  ca rb o n -ca rb o n  d o u b le  bond ( I . 32I ) ;
00
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TTOHETTC IlA.TURE OF BENZENE BANDS.
100 nn . band 200 nm. band 260 nm. band r e f .
AIcr > SIu Ai*  — > Bit, AI g  > B2u 25
B 26
" I 2
K B 27
A B C 2 8 , 29
P rim a ry ( second) P r i m a r y ( f i r s t ) Secondary 30
P r in c ip a l 31
F* p o< 32
IB' a \ 33
T ab le  I
Solvent Absorption maxima nm.
Heptane 234 239 244 249 255 261 269
Alcohol ------ 238 243 248 255 261 268
T ab le  2
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th e  r in g  i s  fo ld e d  a b o u t an a x is  th ro u g h  and so t h a t  i s
t i l t e d  a lm o s t 20°  o u t o f  th e  p la n e  o f  ( s e e  f ig u r e  8) ;
th e r e  i s  a l s o  a  m inor d i s t o r t i o n  a t  C-, so t h a t  th e  Cv-H bond
D J
O O
su b te n d s  a n g le s  o f  a p p ro x im a te ly  2 .5  to  3«3 v i t h  th e  C^-H and
C^-H bonds r e s p e c t iv e l y  ( f ig u r e  9 )»
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  s h o r t e s t  c a rb o n -c a rb o n  bond
in  th e  a ro m a tic  r in g  i s  lo c a te d  i n  th e  s m a l le r  b r id g e .  T h is  i s  in
45
agreem en t w ith  th e  r e s u l t s  o f  B u rk e r t  • From a  com parison  o f  
th e  doub le  bond is o m e r ic  p a i r s  ( 37)> ( 3$) ( 121) ,  ( 122) he
co n c lu d ed , i n  c o n t r a s t  to  K o b ric h ! s R ule C ( s e e  I n t r o d u c t io n ,  p l l ) *  
t h a t  i n  b o th  c a s e s  th e  iso m er w ith  th e  d o u b le  bond in  th e  s m a l le r  
b r id g e  p ro v e s  to  be th e  l e s s  s t r a i n e d  on e . I t  i s  a ls o  i n  ag reem en t
71w ith  m o le c u la r  m echanics c a l c u la t io n s  c a r r i e d  o u t  i n  t h i s  d ep a rtm e n t
on a  group o f  se v e n te e n  b r id g e d  b i c y c l i c  o l e f i n s ,  s ix te e n  o f  w hich
a r e  b rid g e h e a d  o l e f i n s .
U.V. S p e c tro sc o p y .
Benzene e x h ib i t s  two in te n s e  a b s o rp t io n  bands a t  a b o u t l80nm .
(E max c . a .  47*000) and 200nm (E max c . a .  7>000) and a  weak a b s o rp t io n
72
band around 260nm (E max c . a .  220) • A ll  th r e e  bands a r e  a s s o c ia te d
w ith  th e  77* e le c t r o n  system  o f  b en zen e . The two in t e n s e  bends 
a r e  a s c r ib e d  to  t r a n s i t i o n s  to  d ip o la r  e x c i te d  s t a t e s  w h ile  th e  weak 
band i s  a s c r ib e d  to  th e  fo rb id d e n  t r a n s i t i o n  to  a  hom opolar e x c i te d  
s t a t e .  D i f f e r e n t  n o m e n c la tu re s  have been  u sed  to  d e s c r ib e  th e  th r e e  
bands ( s e e  T ab le  1 ) .  We w i l l  u se  th e  te rm in o lo g y  A, B, C to  d e s c r ib e  
th e  180, 200 and 260 nm. bands r e s p e c t iv e l y .  I n  th e  c a se  o f  
benzene th e  C band c e n tre d  around 260nm e x h ib i t s  a  c o m p le te ly  r e s o lv e d  
v ib r a t io n a l  s t r u c t u r e  w ith  w e ll  d e f in e d  a b s o rp tio n  maxima i n  s o lu t io n  
s p e c t r a  a s  shown in  T ab le  2 . The C bend p o s s e s s in g  th e  f i n e  s t r u c t u r e  
i s  r e f e r r e d  to  a s  th e  "ben zen o id  a b s o rp t io n ” . As may be  seen  from  
T ab le  2 th e  band i s  n o t  s e n s i t i v e  to  changes i n  s o lv e n t .
Benzene
( 1
T oluene
{— -)  
[in cyclohexane)
230 250 X  270 (nm)
Phenol in
hexane
(--------- )
and
alcohol
(........... )
230 250 x  270 (nm)
3000
2000
t
200
100
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C le a r ly ,  any i n t e r p r e t a t i o n  o f  th e  spec trum  c f  th e  hem i& cetal 
( 105) m ust ta k e  ac c o u n t o f  th e  fo llo w in g  f a c t o r s  :
1 , The p re se n c e  o f  th e  o - a lk y l  auxochrom e.
2. The p re s e n c e  o f  th e  two a lk y l  g roups end t h e i r  p o s i t i o n
r e l a t i v e  to  th e  o ,-a lk y l g roup .
A ll t h r e e  bands o f  th e  u .v .  spectrum  o f  benzene a re  a f f e c te d  by
s u b s t i t u t i o n  b u t  s in c e  th e  B end C bands o c c u r i n  th e  w av e len g th  ra n g e
n o rm a lly  a c c e s s ib le  to  m ost s p e c tro p h o to m e te rs  th e y  a re  o f  g r e a t e r
i n t e r e s t  th a n  th e  A b an d . B oth  bands a r e  s h i f t e d  to  lo n g e r  w av e len g th s
upon s u b s t i t u t i o n  w hich i s  supposed  to  p e r tu r b  th e  benzene  r in g  b o th
7 8 ,8 2 -8 4
hy re so n an ce  and in d u c t iv e  e f f e c t s  • A s u b s t i t u e n t  w ith
p o s i t i v e  in d u c t iv e  e f f e c t  lo v e r s  th e  i o n i s a t i o n  en erg y  o f  th e  
s u b s t i tu t e d  b en ze n e , one w ith  n e g a t iv e  in d u c t iv e  e f f e c t  in c r e a s e s  i t .  
R esonance e f f e c t s  lo w e r th e  i o n i s a t i o n  en erg y  c f  th e  m o lecu le  w hich 
i s  m a n ife s te d  i n  te rm s o f  w av e len g th  s h i f t s .  B oth re so n a n c e  and 
in d u c t iv e  e f f e c t s  i n t e n s i f y  th e  b an d s , b u t  th e  fo rm er a p p a re n t ly
78, 83cause g r e a t e r  changes i n  s p e c t r a  .
85
M atsen , R o b ertso n  and Chouke found t h a t  a lk y l  s u b s t i t u t i o n
i n t e n s i f i e s  and s h i f t s  th e  C band o f  benzene to  lo n g e r  w av e len g th s
(s e e  f ig u r e  1 0 ) .  Of a l l  th e  a lk y l  g ro u p s , th e  m ethy l g roup  cau ses
th e  g r e a t e s t  i n t e n s i f i c a t i o n  and w aveleng th  s h i f t ,  th e  e f f e c t  d e c re a s in g
as  th e  hydrogens o f  th e  m e th y l group a re  re p la c e d .  T h is  has been
a t t r i b u t e d  to  C-H h y p er c o n ju g a tio n  though  o b je c t io n s  have been r a i s e d
86
to  t h i s  i n t e r p r e t a t i o n  . S u b s t i t u t io n  o f  benzene w ith  p o la r  g ro u p s 
c o n ta in in g  u n sh a red  e l e c t r o n s  (auxcchrom es l i k e  — OH o r  -  NH2) s h i f t s  
th e  a b s o rp tio n  bands to  lo n g e r  w aveleng ths  and a ls o  i n t e n s i f i e s  them .
The e f f e c t  i s  shown in  f ig u r e  11 f o r  p h e n o l. In  g e n e r a l ,  th e  f i n e  
s t r u c tu r e  o f  th e  C band d is a p p e a r s  in  p o la r  s o lv e n ts  th ro u g h  s o lv e n t -  
s o lu te  i n t e r a c t i o n s  when th e  s u b s t i tu e n t s  a re  p o la r  g ro u p s . The 
e f f e c t  o f  auxcchrom es on th e  benzene bands i s  e x p la in e d  i n  te rm s o f
cn
Me
A
> m a x  (EtOH) OMe
Me
O
OMe
O D
OH
Ref.SolventCompound max
224 (3 .3 9 ) no
solvent
given
ExptalEtOH
265 .5  (2 .4 3 )
264 (3 .2 )
270 (3 .4 )(111)
277 (3 .3 )
Me
252 (2 . 2) 
256 (2 .3 )
M e 263 ( 2 .4 )
(114)
Table 3
Ref.SolventCompound max
215 ( 3 . 88)
256 (2 .5 7 )
275 (2 .4 4 )
(117d)
266 (2 . 4 )
(117c)
(117b)
280 ( 2 . 48)
(117Q)
Table 4
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th e  i n t e r a c t i o n  o f  th e  u n sh ared  e le c t r o n s  v i t h  th e  benzene n u c le u s .
8?Braude c a l l s  t h i s  i n t e r a c t i o n  7T - p  c o n ju g a tio n
M oreover, from  a s tu d y  c f  m o le c u la r  m odels and from  th e  r e s u l t s  
o f  th e  m o le c u la r  m echanics c a l c u la t io n s  ( v id e  s u p r a ) . th r e e  
s te re o c h e m ic a l phenomena m ust be ta k e n  in to  acc o u n t :
1 . I n - p la n e  d i s t o r t i o n  o f  th e  a ro m a tic  r in g .
2 . O u t-o f -p la n e  d i s t o r t i o n  o f  th e  a ro m a tic  r in g .
3 . Reduced p -  ~j~f o r b i t a l  o v e r la p  b e tv e e n  th e  a ro m a tic  r in g  end th e  
oxygen atom .
The sp ectrum  o f  (105) shows a  s u p e r f i c i a l  re sem b lan ce  to  t h a t  o f  
a n is o le  b u t  i s  l e s s  in t e n s e .  I t  re sem b le s  more c lo s e ly  th o s e  o f  
ra-xylene and 2 ,6  -  d im e th y la n is c le  ( s e e  f ig u r e  12) b u t  s i g n i f i c a n t l y ,  
i t  la c k s  th e  f in e  s t r u c t u r e  p r e s e n t  in  e i t h e r  one c f  them .
In - p la n e  " p in c h in g ” a s  e x e m p lif ie d  by cy c lo p ro p ab en zen e  ( i l l )  
i s  known to  d i s t o r t  th e  bond a n g le s  and bond le n g th s  o f  th e  benzene
58 , 88
r in g  b u t  th e  u .v .  spectrum  shews no la c k  c f  f in e  s t r u c t u r e  and
i s  a l l  b u t  i d e n t i c a l  w ith  t h a t  c f  _o-yylene (s e e  T ab le  3)* The 
in f e r e n c e  i s  t h a t  th e  bond a n g le  and bend le n g th  changes a s s o c ia te d  
w ith  t h i s  s t r a i n e d  r in g  system  can n o t be d is r u p t in g  th e  a ro m a tic  
chromophore to  any g r e a t  ex te n t*
90
O u t-o f -p la n e  b end ing  i s  w e ll  i l l u s t r a t e d  by th e  m -cy c lcp h an es  
(117)• As th e  s t r a i n  in c r e a s e s  w ith  s h o r te n in g  o f  th e  b r id g e ,  th e  
u .v .  spectrum  d i f f e r s  in c r e a s in g ly  from  t h a t  o f  m -x y len e . The 
C band co a lesces  i n t o  a  s in g le  b ro ad  a b s o rp tio n  and moves to  lo n g e r  
w aveleng ths ( s e e  T ab le  4 ) .  A la c k  o f  f i n e  s t r u c t u r e  i s  c h a r a c t e r i s t i c  
o f  th e  s p e c t r a  o f  a ro m a tic  r in g s  t h a t  a r e  warped o u t  o f  p la n a r
91con fo rm ation  . The e f f e c t  may be due to  th e  f a c t  t h a t  th e  v i b r a t i o n a l  
and e le c t r o n i c  wave fu n c t io n s  a r e  no lo n g e r  s e p a ra b le ,  t h a t  i s ,  
when th e  r in g s  a r e  b a d ly  warped v ib r a t io n s  w i l l  v a ry  th e  w arp in g  and 
th u s  a ls o  v a ry  th e  e l e c t r o n i c  en e rg y . T h is  w i l l  cau se  a  l o s 3 o f
Compound A  ___ ( io g £ )max S o lv en t
R ef.
X°VHo o
(1-05)
224 (5 .3 9 )
26 5 .5  (2 .5 5 )
223 (3 .2 )
265.5  (2 .4 3 )
no
s o lv e n t
g iv en
EtOH
50
E x p ta l.
(118
0M
6
a)
e
220 ( 3 .9 )
224 (3 .8 )
265 (3 .1 4 )  
271 (3 .3 2 )  
277 .5  (3 .3 2 )
226 ( 3 . 0 )
264 (3 .0 4 )  
270 (3 .0 7 )  
276 (3 .0 3 )
C6HI 2
EtOH
93
E x p ta l .
Me^
(118b
OM
6
0
e
.Me
265 (2 .4 9 )  
268 ( 2 . 53) 
272 .5  (2 .4 8 )
C6HI4
94
Table 5 (p.t.o.)
OMe
4-
O M e
4-
(120)
OH
(105) (123)
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f in e  s t r u c t u r e .  The s h i f t  to  lo n g e r  w av e len g th s  i s  a ls o
91
c h a r a c t e r i s t i c  o f  th e  s p e c t r a  o f  b e n t  benzene r in g s  . The f i r s t  
e x c i te d  s t a t e  o f  benzene by n e c e s s i ty  m ust have more a n tib o n d in g  and 
l e s s  bend ing  in t e r a c t i o n s  th a n  th e  ground s t a t e .  When th e  benzene 
r in g  i s  b e n t ,  a l l  i n t e r a c t i o n s  a re  a f f e c te d  by ab o u t th e  same am ount, 
so t h a t  th e  ground s t a t e  and e x c i te d  s t a t e s  become c lo s e r  in  energ y  
and th e  band moves to  lo n g e r  w av e le n g th s .
The u .v .  s p e c tro s c o p ic  consequences o f  reduced  p -  T f  o r b i t a l  
o v e rla p  betw een an a ro m a tic  r in g  and an oxygen atom have been
93s y s te m a t ic a l ly  s tu d ie d  f o r  th e  c a se s  o f  2 ,6  -  d i s u b s t i t u t e d  
a n is o le s  (118) by v a ry in g  th e  s iz e  o f  R. As R in c r e a s e s  in  b u lk  
from H to  is o p ro p y l  th e  lo n g e s t  w av e len g th  a b s o rp tio n  i s  l o s t ,  b u t  
th e  C band c o n tin u e s  to  show f in e  s t r u c t u r e ,  w ith  th e  m ost in te n s e  
band d r i f t i n g  s l i g h t l y  to  s h o r t e r  w a v e le n g th s . However, th e  
i n t e n s i t y  c f  t h i s  band i s  i n s e n s i t i v e  to  changes in  s t e r i c  h in d ra n c e  
beyond R=Me (s e e  T ab le  5 ) -  Change o f  s o lv e n t ,  from  h y d ro carb o n  to  
e th a n o l,  has rem arkab ly  l i t t l e  e f f e c t  as  i s  i l l u s t r a t e d  by  two o f  
th e  c a se s  in  T ab le  The d a ta  re c o rd e d  f o r  2 ,6  -  d i—t - b u t y l a n i s o l e
93
i s  anomalous and th e  o r i g i n a l  a u th o rs  o f f e r  no e x p la n a t io n .
In  view  o f  th e  f a c t  t h a t  o u t-o f -p la n e  bend ing  and th e  p o o r
p -  7T o v e r la p  phenomena in d u c e  opposing  e f f e c t s  on th e  p o s i t i o n  o f  th e
C band, no u s e f u l  c o n c lu s io n s  can be drawn from  th e  A max o f  ( 105) .
However, th e  v a lu e  o f  E max i s  c o n s i s te n t  w ith  T re ib s  s t r u c t u r e  and
th e  absence o f  f in e  s t r u c t u r e  su g g e s ts  t h a t  th e  a ro m a tic  r in g  i s
n o n -p la n a r . S ig n i f i c a n t l y ,  th e  u .v .  a b s o rp tio n  o f  th e  r in g  homologue
EtOH
(120) ( A  263 ( 2 .6 )  ; 204 (2 .0 6 ) nm) shows two maxima in  th e
96
C band and u n l ik e  (105) compound ( 120) e x i s t s  in  e q u i l ib r iu m  w ith
9 6
th e  k e to -p h e n o l ta u to m e r and g iv e s  d e r iv a t iv e s  o f  b o th  ta u to m e rs  .
97
Another r in g  homologue (123) has been p re p a re d  and t h i s  a l s o  g iv e s  
d e r iv a t iv e s  o f  b o th  ta u to m e rs . However, no u .v .  d a ta  have  been
n r
Fig 13
Shaded o r b i t a l s  have in c re a s e d  p - c h a r a c te r  —  
hence unshaded o r b i t a l  h as  h ig h e r  s - c h a r a c t e r .
Compound
OH
(105)
$ Ar-H
S ,  6 .9
J
<£2 7 .0
J (Hz.)
J 2 ,3  5
Ref.
Bxptal.
(CHo)
7 .1 2
(115a) S  2 7 .1 5  
S 3 7 .1 9
J 2 ,3 6 .0 4
J 2 ,4 0 .3 3
J 2 ,5
1.85
J 3 ,4 7 .63
58
98
& 2 6 .9 0  
6 ,6.76
(115b)
6 .9 7
J 2 ,3  7 ' 56 
J 2 ,4  I - °
J 2 ,5  J*°3
J ,  ,  7 .7 93 ,4
98
99
Table 6 (p.t.o.)
Compound
4
(117a)
% Ar-H
6 6 .81  
S 2 7 .0 9
J (Hz.) Ref.
90
4
S, 6-92
J
S o  7 - 1?
(117b)
90
Me
OMe
2
Me
S 6 .9  8
S 2 7 -06
(118b)
J 2 ,3  7 ,5 E x p ta l .
Table 6 (contd.)
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published for this compound.
~Sl n.m.r. Spectroscopy.
The n .r a .r .  behaviour of strained molecules such as (105) can be
e x p la in e d  by p o s tu la t in g  t h a t  two e l e c t r o n i c  e f f e c t s  a r e  o p e ra t in g  
54
s im u lta n e o u s ly  . F i r s t l y ,  in  th e  c a se  o f  th e  b rid g e h e a d  c a rb o n s , 
th e  atom ic  o r b i t a l s  u sed  to  c o n s t r u c t  th e  r in g  which i s  s t r a in e d  
have h ig h e r  p c h a r a c te r ,  hence th e  rem ain in g  o r b i t a l  has h ig h e r  s  
c h a r a c te r  ( f i g u r e  13) .  The o r th o - carbon  i s  th u s  bound to  an o r b i t a l  
o f  h ig h e r  e l e c t r o n e g a t i v i t y  and a s  th e  s i z e  o f  th e  fu se d  r in g  
d e c re a se s  th e  e l e c t r o n e g a t iv i t y  o f  t h i s  o r th o - carbon sh o u ld  i n c r e a s e .
The ex p ec ted  e f f e c t  o f  t h i s  would be to  d e c re a se  th e  s h ie ld in g  o f  
th e  a t ta c h e d  p ro to n ,  s h i f t i n g  th e  reso n an ce  to  low er f i e l d .  W orking 
a g a in s t  t h i s ,  how ever, i s  th e  p e r tu r b a t io n  o f  th e  r in g  c u r r e n t  r e s u l t i n g  
in  a d e c re a se  in  th e  d ia m ag n e tic  a n is o tro p y  o f  th e  m o lecu le  and a  
consequen t s h i f t i n g  o f  th e  p ro to n  reso n an ce  to  h ig h e r  f i e l d .
The 90 and 220 MHz n .r a .r .  s p e c t r a  o f  (105) show a  t i g h t l y  co u p led  
a rp m atic  r a u l t ip l e t  a t  c a . & 7> ‘two d e sh ie ld e d  b e n z y lic  p ro to n s  a t  
and & 3 . I 3 , an -OH p ro to n  a t  c a . & 4 w hich d is a p p e a rs  on sh ak in g  w ith  
D^O, a  one p ro to n  q u a r t e t  a t  £> 2.15  s^d  two th r e e  p ro to n  m u lti  p ie  t s  
a t  & 2 .4  and &  1 .6  ; m ost s t r i k i n g l y  th e r e  i s  a  one p ro to n  h ig h  f i e l d  
m u l t ip le t  a t  6 O .85 .
The chem ica l s h i f t  o f  th e  a ro m a tic  p ro to n s  in  (105) i s  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from th o s e  reco rd ed  f o r  r e l a t e d  s t r a i n e d  o r  
u n s tra in e d  m o lecu le s  ( s e e  T ab le  6) .  On th e  o th e r  h an d , th e  a ro m a tic  
p ro to n -p ro to n  c o u p lin g  c o n s ta n ts  in  ( 105) and ( l l 8b) a r e  m arked ly  
d i f f e r e n t .
In  th e  c a se  o f  2 ,6  -  d im e th y la n is o le  ( l l 8b ) ,  th e  90 MHz 
spectrum  shows an a ro m a tic  m u l t ip l e t  a t  £ 6.95  and two s i n g l e t s  a t  3 .7  
sad 6  2 . 35 . The a ro m a tic  m u l t ip l e t  was sharpened  by  i r r a d i a t i n g  
a t  & 2.25  and th e  r e s u l t i n g  p a t t e r n  was id e n t i f i e d  a s  t h a t  o f  an AB^
Fig 14
V o  =706  <£
62 8
622-5 619-6
SWEEP RANGE 100 Hz 
AT 90 MHz -
METHYLS DECOUPLED (H2 =2-25(+)J
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* .  100 
system  ( s e e  f ig u r e  14) and a n a ly se d  by th e  method d e s c r ib e d  below
In  an AB2 system  th e r e  i s  one chem ical s h i f t  d i f f e r e n c e  A V , two e q u a l
co u p lin g  c o n s ta n ts  J^B , and a  t h i r d  n e c e s s a r i ly  eq u a l to
In  th e  l i m i t  o f  th e  AX2 c a s e ,  one would e x p e c t a  t r i p l e t  f o r  A and a
d o u b le t f o r  X, a  t o t a l  o f  f iv e  t r a n s i t i o n s .  As A V  d e c re a s e s ,  th e
m agnetic  f i e l d  b e g in s  to  mix en erg y  s t a t e s  a p p re c ia b ly  r e s u l t i n g  in
a  s p l i t t i n g  o f  l e v e l s  w hich a r e  d e g e n e ra te  when J / A  V  i s  sm a ll.
Each l i n e  o f  th e  d o u b le t  s p l i t s  in to  tw o, a s  does th e  c e n t r e  l i n e
o f  th e  t r i p l e t ,  m aking a t o t a l  o f  8 l i n e s .  T here i s  a l s o  a  n in th
t r a n s i t i o n ,  c a l l e d  a  co m bination  l i n e ,  w hich i s  u s u a l ly  d i f f i c u l t  to
see  b u t  may be d e t e c ta b le  i f  J / A  V  i s  l a r g e .  The c o u p lin g  Jgg  h as
no e f f e c t  on th e  spectrum  and so th e  AB2  system  may be c h a r a c te r i s e d
by th e  s in g le  p a ra m e te r  J ^ g /  A  V. In  p a r t i c u l a r  :
1 . The ch em ica l s h i f t  o f  n u c le u s  A, V ^ ,  i s  alw ays g iv e n  by l i n e  3*
2 . The ch em ica l s h i f t  o f  n u c le u s  B, V  , i s  g iv en  by th e  mean o f  
l i n e s  5 awd 7»
3* The c o u p lin g  c o n s ta n t  J  i s  o b ta in e d  v ia  th e  c a l c u la t io n  :
AB---------------------------
Jab  = i / 3  ( ( V 8  - V 6 ) + <V 4 - Y i  ) )
(where V  n i s  th e  ch em ica l s h i f t  o f  th e  n th  l i n e  o f  th e  p a t t e r n ) .
A n a ly s is  o f  th e  spectrum  o f  ( l l 8b) gave V* = £  6.98  ; V  = $  "7.Q&A B
and J  _ = 7*5 Mz*AB
F o r th e  h e m ia c e ta l (105) 9 a  s im i la r  sh a rp e n in g  o f  th e  & 7 
m u l t ip l e t  was a c h ie v e d  in  th e  90 MHz spectrum  by i r r a d i a t i n g  s u c c e s s iv e ly  
a t  & 3*^5 and &  The r e s u l t i n g  spectrum  had th e  c h a r a c t e r i s t i c
appearance  o f  an AB^ system  and was a n a ly se d  by th e  same method a s  
used  f o r  ( l l 8b) to  g iv e  = & 6 .9  = £  7*0 and = 5 Ms.
S ince  c o u p lin g  c o n s ta n ts  a r e  in d e p e n d e n t o f  th e  a p p l ie d  m agnetic  f i e l d  
w hereas ch em ica l s h i f t s  a r e  f i e l d  d ep en d e n t, a t  220 MHz, th e  same 
a ro m a tic  m u l t i p l e t  l i e s  c l o s e r  to  an AX2 system  in  ap p e a ra n c e . A 
sc a le -ex p an d ed  spec trum  i n  w hich th e  " e x t r a 0 b e n z y lic  c o u p lin g s  have
AS AB2
v  = 6-909 S 
A
V D = 6-988 &
—  = 0-27 
AV
AS AX
V .  = 6-90 6
= S Hz
= 0-27
A V .3 (1520J
SWEEP RANGE 500 Hz 
AT 220 MHz
Fig 15
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0
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H e ,
V a r ia t io n  o f  v i c i n a l  c o u p lin g  c o n s ta n ts  w ith  0 , 9^., and  -€
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n o t  been e l im in a te d  i s  shown i n  f i g u r e  15 .  A n a ly s is  a s  an AB^
system  g iv e s  V  = & 6 .91  ; V  = 5  6 .9 9  and J  = 4 .6 7  Hz w h i l s t  A B AB
a n a ly s i s  a s  an  AX sy stem v g iv es  V  = £  6 .9  ; V D = £  6 .9 9  and
A B
J AX =  5 H z * ^ J  / A V  =  O . 2 7 )  •
T here seems to  be  no d o u b t t h a t  th e  a ro m a tic  o r th o  c o u p lin g  i n
(105) i s  c lo s e  to  5 Hz and u n u s u a lly  low . The f a c t  t h a t  th e  a ro m a tic
p ro to n s  ap p e a r a t  £  7 a s  an system  im p lie s  t h a t  th e r e  i s  l i t t l e
or no bond localisation between C^, C^, and and thi3 is in agreement
w ith  th e  c a l c u la te d  d a ta  r e p o r te d  above. The f a c t  t h a t  th e  o r th o
c o u p lin g  c o n s ta n t  i s  so low  i s  l e s s  r e a d i ly  e x p la in e d . V ic in a l
co u p lin g , c o n s ta n ts  v a ry  in v e r s e ly  w ith  th e  s i z e  o f  th e  d ih e d r a l  a n g le
th e  s i z e  o f  th e  two a n g le s  0 , and and w ith  th e  le n g th  o f  th e
ca rb o n -ca rb o n  bond (JL)^ 9 ( s e e  f ig u r e  1 6 ) .  However, th e  c a l c u la t e d
d a ta  in d i c a t e  t h a t  a lth o u g h  th e  benzene r in g  i s  s l i g h t l y  d i s t o r t e d  a t
and C^, th e  bond le n g th s  C^-C^ and C^-C^ a r e  norm al and th e  v a r i a t i o n
in  bond a n g le s  i s  to o  sm a ll to  be s i g n i f i c a n t  ( s e e  f ig u r e s  7 9 )»
The com puter s im u la tio n  o f  th e  spectrum  o f  (105) u s in g  th e
102
d a ta  c a lc u la te d  above was a tte m p te d  u s in g  a  SB4EQ -H-16/3 programme 4 
These a t te m p ts  w ere u n s u c c e s s fu l  in  e x a c t ly  m atch ing  th e  e x p e r im e n ta l ly  
o b ta in e d  sp ec tru m . I t  i s  w o rth  n o t in g ,  how ever, t h a t  th e  sp ec tru m  o f  
2 , 6-d im e th y l -a n is o le  ( l l 8b ) ,  w hich  sh o u ld  be a  c l a s s i c a l  AB^ sy s tem , 
could  n o t  be s im u la te d  e i t h e r  u s in g  t h i s  programme. F ig u re s  17 and  
18 show th e  r e s u l t s  o f  th e s e  a t te m p ts .  I t  i s  d o u b tf u l ,  i n  th e  l i g h t  
o f  th e  program m ed f a i l u r e  to  s im u la te  th e  spectrum  o f  (1 1 3 b ) , 
i f  any r e l i a n c e  may be p la c e d  on t h i s  programme.
As r e g a rd s  th e  o n e -p ro to n , h ig h  f i e l d  m u l t ip l e t  a t  <fT 0 .85>  
from m o le c u la r  m odels t h i s  s ig n a l  i s  a s s ig n e d  to  a  p ro to n  lo c a te d  
under th e  edge o f  th e  a ro m a tic  r in g  in  one o f  th e  c o n fo rm a tio n s  
d iscu ssed  above o r  an a v e ra g e  v a lu e  d e r iv e d  from e q u i l i b r a t i o n  
between th e s e  c o n fo rm a tio n s . A lthough  s im i la r  e q u i l i b r a t i o n
o
CD
O
VO
CJ
o
Cvl
F i g  21
OH
OH
(120) (123)
OMe
(124.) (105) 
>1
-27-
betw een c o n fo rm a tio n a l iso m ers  has been observed  in  c e r t a i n  
90
m -cyclophanes t h i s  l a t t e r  p o s s i b i l i t y  has been d is c o u n te d  on th e  
grounds t h a t  th e  chem ica l s h i f t  and s p l i t t i n g  p a t te r n  o f  th e
o
s h ie ld e d  p ro to n  rem ain  u n a l te r e d ,  a p a r t  from  b ro a d e n in g , betw een -8 0  C
o , .
and +100 C ( s e e  f ig u r e  1 9 ) . T h is  i s  ev id en ce  t h a t  th e  h e m ia c e ta l
(105) i s  lo c k e d  i n  one co n fo rm a tio n . The s h ie ld e d  p ro to n  r e p r e s e n t s
th e  X com ponent o f  a  m u l t i - s p in  system  -  i n  conform er I  a  f o u r  s p in
system  and i n  confo rm er H a  s i x  s p in  sy stem . In  p r i n c i p l e ,  a  c h o ic e
between th e s e  a l t e r n a t i v e s  c o u ld  be made from  an a n a ly s i s  o f  th e
co u p lin g  c o n s ta n t s ,  b u t  no r e l i a b l e  ass ig n m e n t can be made s o l e l y
on th e  X com ponent. However, i t  i s  s i g n i f i c a n t  t h a t  i r r a d i a t i o n
a t  £  O.83  in d u c e s  d e e p -s e a te d  changes i n  th e  & 1 .6  m u l t i p l e t  b u t  n o t
in  th e  b e n z y l ic  s ig n a l s  a t  & 3*4 o r  6  3*^3» T h is  i n d i c a t e s  t h a t
th e  h ig h  f i e l d  p ro to n  i s  n o t  a d ja c e n t  to  a  b e n z y lic  c e n t r e  and
th e re f o r e  fa v o u rs  confo rm er I  (IO5I ) .
I t  i s  a l s o  s i g n i f i c a n t  t h a t  th e  c a lc u la te d  geom etry  o f  t h i s
o oconform er shows t h a t  th e  endo-C^Q-H su b ten d s  a n g le s  o f  77 and 173 
w ith  th e  C.|1 p ro to n s  ( f ig u r e  2 0 ) . Thus, i f  we assume t h a t  one o f  
th e se  c o u p lin g s  w i l l  be v e ry  s m a ll ,  we m ig h t t r e a t  th e  h ig h  f i e l d  
m u l t ip l e t  a s  a  p e r tu rb e d  q u a r t e t  a r i s i n g  from  a  gem inal c o u p lin g  w ith  
exo-C^LQ-H and q u a s i - a x i a l  c o u p lin g  w ith  Ha ( f ig u r e  2 1 ) .  A t 220 MHz, 
th e  h ig h  f i e l d  m u l t i p l e t  shows a p p a re n t c o u p lin g s  o f  15 Hz and 12 Hz, 
each  b e in g  f u r t h e r  s p l i t  by  a  sm a ll co u p lin g  o f  ab o u t 3  Hz. T h is  i s  
c o n s is te n t  w ith  co n fo rm a tio n  I  and th e  b a la n c e  o f  e v id e n c e  s u g g e s ts  
t h a t  t h i s  i s  in d e e d  th e  p r e f e r r e d  co n fo rm a tio n .
An a t te m p t was made to  confirm  th e  ass ignm en t o f  th e  h ig h  f i e l d  
p ro to n  by a  s e l e c t i v e  d e u te r a t io n  ex p erim en t. As m en tioned  ab o v e ,
96 97
in  c o n t r a s t  to  th e  r in g  horaologues (120) and (123) th e  h e m ia c e ta l
(105) i s  r e p o r te d  h o t  to  be  i n  e q u ilib r iu m  w ith  i t s  k e to -p h e n o l
50
tau to m er, a s  i t  g iv e s  o n ly  th e  one d e r iv a t iv e  (124) . H owever, th e r e
OH
2 Na
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may in  f a c t  be an e q u i l ib r iu m , a l b e i t  s e v e r e ly  b ia s e d  tow ards th e
hero iace ta l form  ( 105) ,  and th e  ab sen ce  o f  a  d e r iv a t iv e  o f  th e
k e to -p h e n o l form  may be due to  s t e r i c  r e a s o n s .  I t  was p roposed
th e re fo re  t h a t ,  s u b je c t  to  th e r e  b e in g  su ch  an e q u i l ib r iu m , i f  ( 105)
were r e f lu x e d  w ith  sodium d e u te ro x id e  in  DgO f o r  s e v e r a l  d a y s , th e n
th e  protonB  c* to  th e  c a rb o n y l i n  th e  k e to -p h e n o l ta u to m e r would
become re p la c e d  w ith  d e u te r iu m s . T h is  would n e c e s s i t a t e  th e  fo rm a tio n
o f  d ia n io n s  su ch  a s  (125) • t u r n ,  t h i s  would mean t h a t  th e
p ro to n s  o( to  th e  ca rb o n  c a r r y in g  b o th  oxygens i n  th e  r in g - c lo s e d
form (105) w ould become re p la c e d  w ith  d e u te riu m s  ( in  a d d i t io n ,  o f
c o u rse , to  th e  d e u te r a t io n  o f  th e  -OH f u n c t io n ) .
The e x p e rim en t was c a r r i e d  o u t u s in g  a r e a c t io n  m ix tu re  O.25M
in  (105) and 1.0M i n  NaOD. A f te r  38 h o u rs  a t  100°C u n d e r  an a tm osphere
o f  n i t r o g e n ,  c h a r r in g  o f  th e  m ix tu re  became n o t ic e a b le  and th e  r e a c t io n
was s to p p ed  and w orked-up u s in g  CO^ gas to  n e u t r a l i s e  th e  s o lu t io n .
The mass spectrum  o f  th e  p ro d u c t showed a  p a r e n t  io n  a t  m /e 195
which i s  an in c r e a s e  o f  5 a«m .u. o v e r  t h a t  o f  th e  s t a r t i n g  m a te r ia l .
There was some (M + 4 ) ,  (M + 3)> (M + 2) and (M + 1 ) b u t  no s ig n a l
a t  a l l  c o rre sp o n d in g  to  (1 0 5 ) . I t  was ex p ec ted  t h a t  th e  ^H n .m .r .
spectrum  o f  t h i s  deutero-com pound  w ould r e s o lv e  th e  q u e s tio n  o f  w hich
p ro to n  was u n d e r th e  r in g  and c o n c o m ita n tly  i n  w hich co n fo rm a tio n
compound (105) e x i s t e d .  I f  o u r  ass ig n m e n t was c o r r e c t  th e n  th e r e  w ould
he no h ig h  f i e l d  s ig n a l  i n  th e  deutero-com pound. However, th e r e  was
a h ig h  f i e l d  m u l t i p l e t  i n  th e  spec tru m . F ig u re  22 shows th e  s p e c tr a
13b e fo re  and a f t e r  d e u te r a t i o n .  The C n .m .r .  spectrum  o f  th e  p ro d u c t
was o b ta in e d  and t h i s  showed th e  ab sence  o f  s ig n a l s  a s s ig n e d  from 
. , 1 3
th e  C spectrum  o f  (105) a s  b e in g  due to  Cy, ,  and ( s e e  f ig u r e  23 ) .
In  a d d i t io n ,  th e  p ro d u c t  from  th e  d e u te r a t io n  ex p erim en t was n o t  c r y s t a l l i n e  
and showed a  c a rb o n y l a b s o rp t io n  in  th e  i . r .  spec trum . On th e  
p o s s i b i l i t y  t h a t  th e  p ro d u c t had somehow rem ained  in  th e  k e to -p h e n o l
Compound J Cj (p.p.m.) I j CH (HZ-5 R ef.
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form , a  d rop  o f  DC1 was added and th e  s p e c t r a  re ru n . T here was
no change i n  any o f  th e  s p e c t r a .  I t  m ust be assumed th e r e f o r e
t h a t  th e  t r e a tm e n t  w ith  b a se  had somehow caused  a  change i n  th e
s k e le to n  o f  (105) i n  a d d i t io n  to  r e p la c in g  f iv e  hydrogen atom s by
f iv e  d eu te riu m  atom s.
n .m .r .  S p e c tro sc o p y :
Chem ical s h i f t s  i n  n .m .r .  a r e  s e n s i t i v e  to  changes in
h y b r id i s a t io n  and e l e c t r o n  d e n s i ty  w h i l s t  C-H co u p lin g  c o n s ta n ts  
,1
( J  ) a r e  p a r t i c u l a r l y  s e n s i t i v e  to  h y b r id i s a t io n  chan g es. T here  
C—H
was th e r e f o r e  e v e ry  p ro s p e c t  t h a t  th e  spectrum  o f  (105) would r e f l e c t
any doub le  bond l o c a l i s a t i o n  o r  l o s s  o f  a ro m a tic  c h a r a c te r  a s s o c ia te d
w ith  d i s t o r t i o n  o f  th e  benzene r in g  a s  in d ic a te d  by th e  m o le c u la r
m echanics c a l c u la t io n s  and by th e  u .v .  s p e c tro s c o p ic  r e s u l t s .
13
C n .m .r .  sp e c tro sc o p y  h as  been  u sed  in  th e  ca se  o f  
cyclop ropabenzene  ( i l l )  to  p ro v id e  ev id en ce  f o r  bond f i x a t i o n .  
A lthough th e  re so n an ce  o f  th e  s i x  membered r in g  p ro to n s  i n  th e  
norm al a ro m a tic  r e g io n  in d i c a te s  t h a t  th e  d iam ag n e tic  r in g  c u r r e n t  
i s  n o t  d is tu r b e d  to  any s i g n i f i c a n t  e x te n t  when compared w ith  t h a t  
o f  norm al a ro m a tic  m o le c u le s , th e  C-H co u p lin g  c o n s ta n ts  f o r  th e  
m ethylene p ro to n s ,  d e te rm in e d  a s  178 -  2 Hz, i s  com parable w ith  th e  
v a lu e  m easured f o r  1  -  m e thy l cy c lo p ro p an e  (172 H z ) ^ ^ .  T h is  can
b 8 ta k e n  to  r e f l e c t  s im i l a r  bond a n g le s  a t  C_ and C_ i n  cy c lo p ro p an e
10 104
and benzocyelop ropene  r e s p e c t iv e ly  ,  . n .m .r .  s tu d ie s  hav<
88b
been u n d e rta k e n  on th e  homologous compounds (126)
The sp  strum  o f  (lOfj) shows a t  £  1 0 2 .8 , two b e n z y l ic  ca rb o n s  
a t  G 38.7 and G 39*4, two a l i e y c l i c  carbons a t  §  25 and &  2 7 .2 ,  
and one h ig h  f i e l d  s ig n a l  a t  &  19*47 w hich i s  a s s ig n e d  to  
s h ie ld e d  by th e  a ro m a tic  r in g  c u r r e n t .  The a ro m a tic  s ig n a l s  a r e  
as  l i s t e d  i n  T ab le  7* The ass ig n m e n ts  w ere made u s in g  n o is e ,  
o f f - re s o n a n c e  and g a te d  decoup led  s p e c t r a .  Carbon atom C^ was
Fig 24-
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i d e n t i f i e d  from th e  g a te d  d eco u p led  spectrum  ( f ig u r e  24) on th e  
2assum ption  t h a t  J! w i l l  be v e ry  s m a ll .  The v a r io u s  J
C—H C—H
105co u p lin g s  i n  benzene a r e  shown in  f ig u r e  25*
I t  was th o u g h t t h a t  com parison  s p e c t r a  o f  (119a) and (119b) 
m igh t a llo w  an unam biguous a ss ig n m e n t o f  th e  two b e n z y l ic  and th e  
two a l i c y c l i c  ca rb o n s  ( £ 2 5  and 27* 2 ) .  Compound (119a.) was
105
s y n th e s is e d  a c c o rd in g  to  th e  m ethod o f  Deady, Topson and Vaughan ,
(s e e  Scheme 4) ,  w h i l s t  i t  was p o s s ib le  to  p re p a re  (119b) by
W o lff-K ish n er r e d u c t io n  o f  ( 127) > a. sam ple o f  w hich  was a v a i l a b l e .
D e ta i ls  o f  th e s e  p r e p a r a t io n s  a r e  in c lu d e d  in  th e  e x p e r im e n ta l
s e c t io n .  As may be seen  from T ab le  8 th e  r e s u l t s  o b ta in e d  d id  n o t
in  f a c t  a llo w  su ch  an  a ss ig n m e n t to  be made.
Com parison s p e c t r a  o f  a n i s o le  and two 2 ,6  -  d i s u b s t i t u t e d
a n is o le s  ( s e e  T ab le  9) i l l u s t r a t e  th e  e f f e c t  o f  re d u c in g  th e  e f f e c t i v e
o v e rla p  o f  th e  a ro m a tic  7 T  system  w ith  th e  non-bond ing  p e l e c t r o n s
on th e  oxygen atom . The ^ C  chem ica l s h i f t s  f o r  a n i s o le  can  be
re a so n a b ly  i n t e r p r e t e d  i n  te rm s o f  c o n ju g a tiv e  e l e c t r o n  r e le a s e  by
th e  oxygen a to m .( f ig u r e  2 6 ) .  C o n tr ib u tio n s  from  th e s e  re so n a n c e
forms w i l l  in c r e a s e  th e  e l e c t r o n  d e n s i ty  a t  th e  o r th o -  and p a r  a  -
p o s i t io n s  r e l a t i v e  to  benzene and th u s  in c r e a s e  th e  s h ie ld in g s .
In  th e  2 ,6  -  d i a lk y l  d e r iv a t iv e s  d e s h ie ld in g  e f f e c t s  a r e  o b se rv ed
a t  th e  p a ra  ca rb o n . F o r an e x te n s iv e  s e r i e s  o f  a n i s o le s  Dhami 
109and S to th e r s  have shown t h a t  th e  m agnitude o f  t h i s  d e s h ie ld in g  I s  
dependent on th e  s i z e  o f  th e  o r th o  g ro u p s . I t  i s  re a s o n a b le  to  
conclude t h a t  th e r e  i s  s t e r i c  i n t e r f e r e n c e  o f  th e  o r th o  s u b s t i t u e n t s  
w ith  th e  m ethoxy f u n c t io n ,  such  t h a t  e l e c t r o n  r e l e a s e  by th e  oxygen 
atom i s  s u b s t a n t i a l l y  re d u c e d . The m ost p o p u la te d  conform atiom  
o f th e se  h in d e re d  m o le c u le s  i s  l i k e l y  to  be one i n  w hich th e  0-CH^ 
group d e v ia te s  from  c o p la n a r i ty  w ith  th e  a r y l  r i n g .
A s im i la r  i n t e r p r e t a t i o n  may be made f o r  th e  s p e c t r a  o f  (105)
-31-
and so i t  w ould be  e x p e c te d  t h a t  th e  h e m ia c e ta l  w ould f i t  i n to  t h i s  
s e r i e s  u n le s s  th e  d i s t o r t i o n  o f  th e  r in g  b ro u g h t a b o u t d i s t o r t i o n  
o f  th e  a ro m a tic  c h a r a c te r .  No such  e f f e c t  co u ld  be d e te c te d *
The ch em ica l s h i f t  and C-H c o u p lin g  c o n s ta n t  d a ta  a r e  a l l  norm al f o r  
a  phenyl e t h e r  in  w hich  th e r e  i s  l i t t l e  d e l o c a l i s a t i o n  o f  th e  
nonbonding e l e c t r o n s  on th e  oxygen atom in t o  th e  ben zen e  r in g .
An e m p ir ic a l  c o r r e l a t i o n  o f  th e  ch em ica l s h i f t  o f  th e  carbon  
o f  d i s u b s t i t u t e d  a n i s o le s  w ith  th e  av e ra g e  a n g le  o f  t w i s t  (©  ) 
o f  th e  p h en y l r in g  from  th e  r e f e r e n c e  p la n e  h as  been  m a d e ^ ^ ,  th e
r e fe re n c e  p la n e  b e in g  th e  C ^-O -C H ^ p la n e .  Assuming com ple te
_ o  2
absence o f  c o n ju g a tio n  a t  ^  = 90 ,  t h e  v a lu e  o f  co s  © sh o u ld  be
p ro p o r t io n a l  to  th e  e x t e n t  o f  c o n ju g a tio n  p r e s e n t .  A ss ig n in g
chem ical s h i f t  v a lu e s  o f  120.1  a t  0  = 0°  and 125*3 a t  G  — 90°
f o r  we a r r i v e  a t  th e  e q u a tio n  :
2 ^  . 
cos © = 1 2 5 .^  -  S
125*3 -  120-1  
(w here & = ch em ica l s h i f t  i n  p .p .m .)
_ i
A pplying t h i s  r e l a t i o n s h i p  to  th e  c a s e  o f  (105) g iv e s  a  v a lu e  o f  “  = 74 
which i s  s t a r t i n g l y  c lo s e  to  t h a t  d e r iv e d  from  th e  f o r c e  f i e l d  
c a lc u la t io n s  (7 3 -4 ° )  ( se e  f ig u r e  7 ) -  T h is  c o n t r a s t s  w ith  th e  c a se
o f  cyclop ropabenzene  in  w hich  a ro m a tic  bond le n g th  a b n o rm a li t ie s
1 . 88b
le a d  to  J .  _  v a lu e s  o f  1 6 8 .5  and 159 HzU—H 
C o n c lu sio n s ;
The h e m ia c e ta l (1 0 5 ) ,  o r i g i n a l l y  p re p a re d  by T r e ib s ,  h as  been  
r e - s y n th e s is e d  and much c o r r o b o r a t iv e  e v id en ce  o b ta in e d  to  s u p p o r t  
th e  s t r u c t u r e  p ro p o sed  by  Mm f o r  th e  compound. I n  s p i t e  o f  th e  
ev idence from  u .v .  s p e c tro s c o p y  t h a t  th e  benzene r i n g  i s  n o n -p la n a r ,  
and from m o le c u la r  m echan ics c a l c u la t io n s  t h a t  some bonds a r e  
abnorm ally  s h o r t ,  we have been  u n a b le  to  d e t e c t  any  e v id e n c e  t h a t  th e  
r in g  i s  o th e r  th a n  a ro m a tic  i n  n a tu r e .  As i n  th e  c a s e  o f  o th e r  sm a ll
“ 3 2 -
r in g - a n n e la te d  b e n z e n e s , i t  r e p r e s e n t s  one more exam ple o f  th e  
r e s i l i e n c e  o f  th e  a ro m a tic  d e lo c a l i s e d  7 T  system  in  th e  fa c e  o f  
bond d i s t o r t i o n .
GENERAL EXPERIMENTAL 
AND ABBREVIATIONS
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M eltin g  p o in t s  a re  u n c o r re c te d  end v e re  determ ined  on a K o fle r  
h o t- s ta g e  a p p a ra tu s .  A ll b o i l in g  p o in ts  a re  u n c o r re c te d .
M ic ro an a ly ses  v e re  c a r r i e d  o u t  by M rs. V. H arkness and h e r  s t a f f .
R o u tin e  mass s p e c t r a  v e re  re c o rd e d  by Mr. A. R i tc h ie  on an 
AEI-GEC MS12 in s tru m e n t .  A ccu ra te  mass m easurem ents w ere o b ta in e d  
from an AEI-GEC MS902 in s tru m e n t .
I n f r a - r e d  s p e c t r a  v e re  re c o rd e d  on a  P e rk in  Elmer 225 g r a t in g  
sp e c tro p h o to m e te r  by M rs. F . L a v r ie  and h e r  s t a f f  o r  on a P e rk in  
Elmer 257 sp e c tro p h o to m e te r .
A ll u l t r a - v io l e t  s p e c t r a  v e re  re c o rd e d , u s in g  e th a n o l as  s o lv e n t ,  
e i t h e r  on a Pye Unicam SP800 sp e c tro p h o to m e te r  o r  a P e rk in  Elm er 550 
sp e c tro p h o to m e te r .
R o u tin e  n .m .r .  s p e c t r a  v e re  o b ta in e d  from a  V arian  T-60
(60MHz.) s p e c tro m e te r  and a P e rk in  Elm er R32 (90 MHz.) sp e c tro m e te r .
1
High r e s o lu t io n  H n .m .r .  s p e c t r a  v e re  o b ta in e d  from a  V arian  HA 100 
(100 MHz.) sp e c tro m e te r  by Mr. J .  G a ll and from a  V arian  HR 220 
(220 MHz.) s p e c tro m e te r ,  c o u r te s y  o f  P.C.M.U. (H a rw e ll) . n .m .r .
s p e c tra  v e re  re c o rd e d  by D r. D .S. R y c rc f t  on a V arian  XL 100-12 FT NMR 
sp e c tro m e te r . A ll  n .m .r .  s p e c t r a  v e re  reco rd ed  u s in g  d e u te r io c h lo ro fo rm  
as s o lv e n t  w ith  t e t r a m e th y ls i l a n e  a s  i n t e r n a l  s ta n d a rd  o r  u s in g  
deuterium  o x id e  a s  s o lv e n t  w ith  3 - ( t r im e th y l s i ly l ) - l - p r o p a n e s u lp h o n ic  
ac id  sodium s a l t  h y d ra te  a s  i n t e r n a l  s ta n d a rd .
K ie s e lg e l  G F ^  o r  HF^  (Merck) was used  fo r  p r e p a r a t iv e  th in  
la y e r  chrom atography w hich was c a r r i e d  o u t on 20 x 20 x 0 .2  cm. g la s s  
p la te s  co a te d  w ith  a 1 ram. th ic k n e s s  o f  s i l i c a .  K ie s e lg e l  G (Merck) 
was used  f o r  a n a l y t i c a l  t h in  la y e r  chrom atography w hich was c a r r ie d  c u t  
cn 1 x 3 i n .  m icro sco p e  s l i d e s  c o a te d  w ith  a  0 .5  th ic k n e s s  o f  s i l i c a .  
A n a ly tic a l and p r e p a r a t iv e  t . l . c .  p l a t e s  v e re  viewed u n d e r  an u l t r a ­
v io l e t  lamp (254 and 350 n m .) . A n a ly t ic a l  p la te s  w ere developed  w ith  
io d in e  vapour a n d /c r  sp ra y in g  th e  p l a t e s  w ith  a  s o lu t io n  o f  e e r i e
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ammoniun s u lp h a te  and th e n  h e a t in g  th e  p l a t e s  to  ap p ro x im a te ly  
o
lbO C. The e e r i e  ammonium s u lp h a te  s o lu t io n  was p re p a re d  by 
d is s o lv in g  e e r i e  ammonium n i t r a t e  (5 g«) in  c o n c e n tra te d  s u lp h u r ic  
ac id  (50 m l.)  and m aking th e  volume up to  5^0 m l. w ith  w a te r .
Alumina u sed  f o r  column chrom atography  r e f e r s  to  th e  g rad e  I  
n e u t r a l  v a r i e t y  (V oelra), and made up to  g rad e  I I  o r  I I I  a s  in d ic a te d  
by th e  a d d i t io n  o f  3  o r  6% w a te r  p r i o r  to  u s e .  S i l i c a  g e l  columns u sed  
th e  0 .0 5  — 0 .2  mm. s i l i c a  g e l  (Merck) " f o r  column ch rom atog raphy".
S i l i c a  g e l  colum ns f o r  d ry-co luran  chrom atography  used  s i l i c a  g e l 
(Woelm) " f o r  d ry -co lum n chrom atography".
The s o lv e n ts  used  f o r  chrom atography a re  e x p re sse d  a s  a 
p e rce n tag e  volume e .g .  e th y l  a c e t a t e - l i g h t  p e tro leu m  i s  e q u iv a le n t  
to  e th y l  a c e t a t e  and l i g h t  p e tro leu m  in  a volume r a t i o  o f  3 : 7 «
o
L ig h t p e tro leu m  r e f e r s  to  th e  f r a c t i o n  b o i l in g  in  th e  ra n g e  60-80 C.
A ll d i l u t e  m in e ra l a c id s  and b a se s  were 6N aqueous u n le s s  o th e rw is e  
s ta te d .
In  c a s e s  where th e  p ro d u c ts  were i s o l a t e d  "by s o lv e n t  e x t r a c t i o n " ,  
th e  p ro ced u re  g e n e r a l ly  fo llo w ed  was t c  e x t r a c t  th e  aqueous l a y e r  w ith  
se v e ra l p o r t io n s  o f  th e  in d ic a te d  s o lv e n t  ; th e n  th e  o rg a n ic  la y e r s  
were combined and washed w ith  w a te r , fo llo w ed  by s a tu r a t e d  b r in e .
The o rg a n ic  l a y e r  was d r ie d  o v e r anhydrous magnesium s u lp h a te ,  then  
f i l t e r e d ,  and th e  s o lv e n t  was ev ap o ra ted  from th e  f i l t r a t e  u n d e r 
reduced p r e s s u r e  (w a te r  a s p i r a t o r )  u s in g  a r o t a r y  e v a p o ra to r .  The 
use  o f  th e  te rm s "b ase  wash" o r  " a c id  wash" in d i c a te  w ashing  th e  
combined o rg a n ic  l a y e r s  w ith  s a tu r a te d  aoueous sodium b ic a rb o n a te  
so lu tio n  o r  w ith  d i l u t e  aqueous h y d ro c h lo r ic  a c id ,  r e s p e c t iv e l y ,  
p r io r  to  th e  a fo rem en tio n ed  w ashing w ith  w a te r .
The fo llo w in g  a b b re v ia t io n s  and sym bols have been u sed  th ro u g h o u t 
th e  t e x t .
t h in  l a y e r  chrom atography
I n  t * l „ c .  d i s t a n c e  t r a v e l l e d  by compound
d is ta n c e  t r a v e l l e d  by m obile  ph&s
i n f r a - r e d
r e c ip r o c a l  c e n t im e te r  
-1,
f re q u e n c y  ( in  cm )
u l t r a - v i o l e t
nanom eter
w av e len g th  ( in  nra.)
m o lar e x t in c t io n  c o e f f i c i e n t
n u c le a r  m ag n e tic  re so n an ce
p a r t s  p e r  m i l l io n
chem ica l s h i f t  v a lu e  ( in  p .p .m .)
c o u p lin g  c o n s ta n t
mass spec trum
m o le c u la r  io n
mass to  ch arg e  r a t i o
p h o tc - e le c t r o n
m e ltin g  p o in t
b o i l in g  p o in t
m i l l im e te r s  o f  Hg ( r  T o rr)
s i n g l e t
d o u b le t
t r i p l e t
q u a r t e t
q u in t e t
m u l t i p l e t
envelope
b road
d o u b le t  o f  d o u b le ts  
s h o u ld e r
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*
P
an.
W./V.
eg 6.31  ; t h i s  r e f e r s  to  a s ig n a l  in  th e  n .m .r .  spectrum
w hich d is a p p e a rs  on a d d i t io n  o f  D2O to  th e  s o lu t io n ,  
page number 
aqueous
w e ig h t by volume e .g .  W ./V. means a s o lu t io n  o f  5 g. 
in  100 m l. o f  s o lv e n t .
PART I  
EXPEFI-iRMTAL
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2 a . 4 . 5 -  T e tra g y d ro a c e n ^ p h th e a e  ( IS b )
A cenaphthene (102) (115 g . > 0 .7 5  mole) w hich had been once
O V
r e c r y s t a l l i s e d  from e th a n o l (m .p . 94 -95  w  was p la c e d  in  a s t e e l  bomb 
o f  t o t a l  c a p a c i ty  2 l i t r e s ,  and enough e th a n o l added to  b r in g  th e
60
t o t a l  volume o f  th e  su sp e n s io n  to  1500 m l. Haney n ic k e l  c a t a l y s t
(8 g .)  was th e n  added and hydrogen in tro d u c e d  to  a p r e s s u r e  o f
70 a tm o sp h eres . The te m p e ra tu re  o f  th e  bomb was r a i s e d  s lo w ly  as
o
th e  s o lu t io n  was s t i r r e d .  A t 100 C th e  h y d ro g en a tio n  became ra p id  and
o
s l i g h t l y  e x o th e rm ic , r a i s i n g  th e  te m p e ra tu re  to  120 C. A f te r  ab o u t
o
15 m inu tes th e  te m p e ra tu re  s e t t l e d  to  110 C and s t i r r i n g  was 
co n tin u ed  a t  t h i s  te m p e ra tu re  f o r  an a d d i t io n a l  h a l f  h o u r. The 
m ix tu re  was s ip h o n ed  o u t o f  th e  bomb and th e  c a t a l y s t  was removed 
by f i l t r a t i o n  th ro u g h  a pad o f  C e l i t e .  E v a p o ra tio n  o f  th e  s o lv e n t
y ie ld e d  th e  c ru d e  p ro d u c t w hich was d i s t i l l e d  to  g iv e  a  c o lo u r le s s
o 110,111
l i q u id  (109 g . , 0 .6 9  m ole, 92$) ; b .p .  82-84 C /l.O  mm. ( l i t .  b .p .
249.5°C /719 mm. sad  1 1 3 .5 - t i4  C/10 mm.) ; n .m .r .  & 0 .9 - 2 .4
c c l4.
( 6H j e ) ,  2 .4 -3 * 4  ( 5H ; m) and 6 . 6 - 7 .2  ( 3H ; m) ; i . r .  V  max. 3 °4 0 ,
-1  +
3020, 2940, 2850 and I 0O5  cm. ; m .s . m/e 158 (M ) ,  141 , 130 , 115 ,
91 and 77.
2&«. 7 . 4 . *5 -  T e tra h v d ro a c e n a p h th e n e -2 a -h y d rc p e ro x id e  (107)
T e trah y d ro ace n ap h th en e  ( 15b) (40 g . ,  0 .2 5  male) was oxygenated  f o r
100 hours i n  an a l l - g l a s s  a p p a ra tu s  ( s e e  f ig u r e  4) a t  room te m p e ra tu re .
The r e s u l t i n g  o i l  was d is s o lv e d  in  l i g h t  p e tro leu m  (125 m l.)  and
e x tra c te d  in to  aqueous m ethanol by sh ak in g  tw ic e  w ith  90$ m e th a n c l-
v a te r  (25 m l) .  The e x t r a c t s  were c o n c e n tra te d  on a  r o t a r y  e v a p o ra to r
112
a f t e r  which e x t r a c t io n  in t o  e th e r  and b ase  wash y ie ld e d  an o i l y
re s id u e . The r e s id u e  was t r i t u r a t e d  w ith  n -p e n ta n e  and a f t e r  24 h o u rs  
0
a t  0 C, th e  s o lv e n t  was d e c a n te d  o f f ,  le a v in g  a  th ic k  gum o f  crude  
hydroperox ide ( 1 .8  g ) . P a r t i a l  c r y s t a l l i s a t i o n  o f  t h i s  gum gave
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ms t e r i a l  w h ic h  was i d e n t i f i e d  a s  th e  s y m m e tr ic a l  p e ro x id e  (113) m .p .
O SQ q 1  f
(n -p e n ta n e )  1 9 3 -1 9 4  C ( l i t .  m .p . 137 C) ; H n .m .r .  o  1 .0 - 2 .2
KBr
(6H j m ), 2 . 2 - 3 . 6 (14H ; m) smd 6 .9 - 7 .4  (6 h  ; m) ; i . r .  V  max#
3060 , 3 0 4 0 , 3 0 1 0 , 297 5 , 2940 , 2920 , 236 5 , 284 0 , 282 0 , 1 6 0 5 , 1 5 9 0 ,
895 and 85O cmT1 ; m .s . m /e 346 (M+) , 174 , 173 , 158 , 157 , 129 ,
123, 115 , 91 , 77, 65 , 63 and 51* A ttem pts to  in c re a s e  th e  y ie ld  
o f  crude  h y d ro p e ro x id e  ( 103) w ere made u s in g  d i f f e r e n t  a p p a ra tu s  
(se e  f ig u r e s  5 ^ud 6) and u s in g  t r a n s i t i o n  metal, c a t a l y s i s .  In  
a l l  c a s e s  th e  outcom e o f  th e  r e a c t io n  was n e a r ly  i d e n t i c a l  w ith  th e  
r e s u l t  o b ta in e d  u s in g  th e  i n i t i a l l y  chosen  r e a c t io n  c o n d i t io n s ►
The c ru d e  h y d ro p e ro x id e  rem a in in g  (380  mg.) a f t e r  p a r t i a l  c r y s t a l l i s a t i o n  
o f  th e  sy m m etrica l p e ro x id e  in  t h i s  r e a c t io n  was com bined w ith  c ru d e  
hyd rop ero x id e  o b ta in e d  from o th e r  ru n s  and u sed  to  p re p a re  th e  e s t e r
(104) w ith o u t f u r t h e r  p u r i f i c a t i o n .
o -N itro -b e n z o a te  o f  th e  H em iaceta l (104)
Crude h y d ro p e ro x id e  (103) (680 m g., 3 . 6  m.raole) in  d ry  p y r id in e
(2 m l.)  was added to  a  su sp e n s io n  o f  £ -n i t r o b e n z o y l  c h lo r id e
(680 m g., 3 .7  m .m ole) in  d ry  p y r id in e  (2  m l.)  a t  5 C w ith  s t i r r i n g .
The m ix tu re  was a llo w ed  to  s t i r  f o r  1 hou r a t  room te m p e ra tu re .
I c e - c o ld  d i l u t e  s u lp h u r ic  a c id  was th e n  added t i l l  th e  pH was c a . 4 and
112
a gummy s o l i d  was p r e c i p i t a t e d .  E x t r a c t io n  in t o  e t h e r  and 
base  wash y ie ld e d  th e  c ru d e  p -n i t r o -b e n z o a te  w hich c o u ld  n o t  be 
p u r i f ie d  by th e  l i t e r a t u r e  p ro c e d u re . P u r i f i c a t i o n  was how ever 
p o s s ib le  u s in g  e i t h e r  o f  two m ethods :
a) P r e p a r a t iv e  t . l . c .  o f  a  p o r t io n  o f  th e  c ru d e  p ro d u c t (400 m g.) on 
f iv e  p l a t e s  u s in g  50% c h lo ro fo rm -e th y l a c e ta t e  a s  e lu a n t  gave a 
band w ith  Rf 0 .6  w hich  f lu o re s c e d  g reen  in  u .v .  l i g h t  and 
a f fo rd e d  th e  j> -n itro b e n z o a te  (104) a s  c r y s t a l s  m .p . 105 C. 
c r y s t a l l i s a t i o n  from  l i g h t  p e tro leu m  y ie ld e d  p u re  e s t e r  (104)
-39-
5 ° 0
(140 mg.) m .p . 108-109 c ( l i t ‘ m .p . 108-109 C ).
b) The rem a in d e r o f  th e  c ru d e  p ro d u c t ( 1 .7  g*) 3n 5®% ch lo ro fo rm  -
113
l i g h t  p e tro le u m  was poured  on to  a  column o f  d ry  s i l i c a  (29 g . )
and e lu te d  w ith  th e  same s o lv e n t  m ix tu re .  The f i r s t  125 m l.
o f  e lu a n t  a f fo rd e d  th e  p > -n itro b e n z c a te  (104) (480 mg.) a s  
o
c r y s t a l s  m .p . 103 C. R e c r y s t a l l i s a t i o n  from l i g h t  p e tro leu m
o
y ie ld e d  th e  p u re  e s t e r  (104) (45O mg.) m .p. 108-109 C
CA
( l i t .  m .p . 108- 109° c ) •
Combining th e  m a te r ia l  o b ta in e d  from a) and b) gave a t o t a l
y ie ld  o f  £ - n i t r o b e n z o a te  (104) (590 m g., 1 .7  m m ole , 48£) n .m .r .
S  0 . 7*3*8 (10H ; e ) ,  6 . 9- 7*2 (33 > m) S .3  (4H ; s) ; i . r .
c c l4
V  max: 3040, 3020 , 2960 , 2940, 2890 , 2860, 2850, 1745, 1730 ,  l 6l 0 ,
1525 and I 35O cmT1 ; m .s . m/e 339 (M+), 322, 309 , 293, 284 , 249,
209, 189 ,  172 , 150 and 120 .
P-Acetaraido-benzoate of the Hemiacetal.
The jD -n itro b e n z c a te  (104) (90 m g., 0 .2 7  ra mole) and P d /c  
(10$ , 190 m g.) i n  a c e t i c  an h y d rid e  (5  m l.)  and a c e t i c  a c id  ( l  m l.)  
were h y d ro g en a ted  a t  N .T .P . The u p ta k e  ( c a .  70 ml) exceeded  th e  
th e o r e t i c a l  u p ta k e  ( c a .  20 m l.)  and co n tin u ed  a f t e r  1 h o u r. V ork-up 
a ffo rd e d  a  c o lo u r le s s  gum w hich was shown by  t . l . c .  (50^ e .th y l 
a c e t a t e / l i g h t  p e tro leu m ) to  c o n ta in  one main p ro d u c t and two m inor 
p ro d u c ts . P r e p a r a t iv e  t . l . c .  u s in g  th e  same s o lv e n t  system  
allow ed i s o l a t i o n  c f  th e  main p ro d u c t w hich had Rf 0.37* The p ro d u c t 
was a g la s s  and co u ld  n o t  be c r y s t a l l i s e d .  The n .m .r .  spec trum  
which was weak d id  however show new a ro m a tic  s ig n a l s  a t  £  7*6 &  8 . 0 .
H em iacetsl (105)
H y d ro ly s is  o f  th e  e s t e r  (104) to  th e  h e m ia c e ta l (105) was c a r r i e d  
ou t acc o rd in g  to  th e  p u b lish e d  p r o c e d u r e ^  The j> -n itro b e n z o a te  (104)
- 4 0 -
(34 mg., 0.10 m mole) was suspended in methanol (2 ml.) and treated 
with potassium hydroxide (12 mg.) in a 3 3.3:2 water-raet.hanol solution
(3 ml.). The mixture was stirred at room temperature overnight.
. 112 After stirring, water (15 ml.) was added and the mixture extracted
with ether to give a semi-solid (31 mg.). Recrystsllisation from
n-pentane yielded the pure hemiacetal (105) (l8 mg., 0 .1  m mole, 94^)
m.p. 75-76 C (lit^ m.p. 76.5-77.5 C). Subsequent preparations
were carried cut using 220 mg. and then 25I mg. of the ester (104)
and combining the products led to a total yield of the hemiacetal (105)
1 r
(247 mg., I .3  m mole, 90.0%) H n.m.r. o O .85 (1H ; m), 1 .2-2 .0
(3H ; m), 2.0-2.7 (4H ; m), 2.8-3.8 (2H 5 m), 3 .9* (1H ; s) and
ccl4
7.0 (3H ; m) ; i.r.V max# 36OO, 356O-32OO (3440), 3040, 3020, 2950,
-1 v EtoH
2930, 2890, 2860, 2845, 1255, 1240, 1075,and 1060 cm. ; u.v. A  max.
265.5 , 223 nm. (lcg£ 2.43, 3.2) ; n.m.r. 155 .138 (s), [ 2x ]
136.137 ( s ) ,  126 .138 (d),  124.900 (d),  124.089 (d),  102.829 ( s ) ,
39.416 (t), 38.715 (t), 27.202 (t), 24.998 (t) and 19.468 (t)
., Powder -1 / \
p.p.m. ; Raman V  max> 1612 and 1592 cm. ; m.s. m/e 190 (M+),
162, I35, 115 and 9 2.
5^2-Xylenol methyl ether (ll8b)
This compound was prepared by the method of Rowe, Bannister and 
StoreyP*^ A solution of ra-2-Xylenol (6 .1 g., 0.05 mole) and sodium 
hydroxide (2 g.) in water (20 ml.) was boiled under reflux and 
dimethyl sulphate (5 ml.) was added in one portion. The mixture 
was then refluxed for a further 3 hours. After cooling, the oil
was separated and the aqueous layer extracted with ether (3 x 10 ml.).
The oil and ethereal extracts were combined and washed with dilute 
sodium hydroxide, dried over magnesium sulphate, filtered and concentrated 
a rotary evaporator. The residue was fractionally distilled to give 
pure m-l-xylenol methyl ether (ll3b) (6.0 g., 0.044 mole, 3S%) b.p.
- 4 1 -
114 o 1
102-134 C /76O mm. ( l i t .  b .p .  102-183 C /76O mm.) H n .m .r .  S  2 .2
c c l4
( 6H ; s ) ,  3 .6  ( 3H ; s) and 6.85  ( 3H ; s ) ; i . r .  V  max# 3070 , 3040,
o /- o  ^ -1  \ EtoH3025, 2?90, 2940, 2860, 2020, 1590 , 1260 and 1020 cm. ; u .v .  A  mgx>
226, 264, 270 , 276 ( l e g  E 3 . 0 , 3 .0 4 ,  3 .0 7  end 3 .0 3 ) .
1 .3-D iphanoxy pro pane (128)
T his compound was p re p a re d  by th e  method o f  Deady, Tcpscn and
Vaughan} 06 1 , 3 -d ib rom opropane (17-5  g *> O.O87 mole) was added
d rc p v ise  to  a s t i r r e d  s o lu t io n  o f  pheno l (37*5 £ • 9  0 .4  m ole) and
sodium h y d ro x id e  (1 1 .7 5  g * > 0 -3  mole) in  w a te r  (50 m l . ) .  The
m ix ture was r e f lu x e d  f o r  3 h ou rs and th e n  coo led  w h i l s t  b e in g  s t i r r e d .
The p ro d u c t was f i l t e r e d  o f f  and washed w ith  7>% aqueous a l k a l i  and
then  w ith  w a te r .  R e c r y s t a l l i s a t i c n  from e th a n o l gave 1 , 3-
diphenoxypropane (123) (15*75 g* 0 .0 7  m ole, 79%) m .p . 57~58°C
( l i t } ° 6 m .p . 60°C) 1H n .m .r .  6  2.25  (2H ; qu ; J  6 .5  H z . ) ,  4 .2
cc !4
(4H ; t  ; J  6 .5  Mz) and 6 .8 - 7 *6 (10H ; m) 5 i * r * ^ m a x .  3^00 , 3070, 
3040, 3030, 2960, 2940, 2880, 1600, 1585 , 1285, 1240, 1060 , 1040 
end 1030 cmT1 ; m .s . <a/e 228 (M+), 135 . 134, 119 , 107 , 79 , 77, $ 5 , 5 1 , 
41 and 39*
Chroaan (119a)
T his compound was p re p a re d  by th e  method o f  Deady, Topson and 
Vaughan} 06 To a s t i r r e d  s l u r r y  o f  1 , 3-d iphenoxypropane  (128) (12  g . , 
0.053  mole) in  anhydrous benzene (100 m l.)  was added anhydrous 
aluminium c h lo r id e  (9 .0 8  g . ,  0 .0 6 8  m o le ). The m ix tu re  was r e f lu x e d  
fo r  4 h o u rs , c o o le d  and poured  on to  i c e  (100 g . ) .  C o n c e n tra te d  
h y d ro c h lo ric  a c id  was added and th e  benzene la y e r  was s e p a r a te d .
The aqueous l a y e r  was e x t r a c te d  w ith  e th e r  (3  x  30 m l.)  and th e s e  
e x t ra c ts  com bined w ith  th e  benzene f r a c t i o n .  The com bined o rg a n ic  
la y e rs  were washed w ith  3$ aqueous a l k a l i ,  th e n  w a te r  and f i n a l l y
-42-
dried. The solvents were removed by distillation after which
fractionation of the residue furnished chrcman (119a) (6.15 g.,
o lOo o
0.046 mole, 86 . 6%) b . p .  92-^6 C/12 mm. (lit. b.p. 96-IOO C/l6 mm.)
1 r
H n.m.r. O 1 .8 5 (2H ; qu ; J 6 Hz.), 2.6 (2H ; t  ; J 6 Hz.),
a
4.0 (2H ; t ; J 5 Hz.) and 6.5-7.I (4H ; m) ; i . r . V max. 3080,
3040, 3025, 2980, 2950, 2940, 2900, 2880, 2860, 2850, 1610, 1585,
“I 13 r1265, 1225, 1070 and 1010 cm. ; C n.m.r. 154.963, 129.789,
127.182, 122.172, 120.085, 116.702, 6 6.339, 24.875 and 22.403
p.p.m. ; m.s. ra/e 134 (M+), 107, 94, 91 and 77.
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Homochroman (119b)
l l 6
A solution cf homochroman-5-one (127) (4 g., 0.025 mole),
potassium hydroxide (4.25 g., mole) and hydrazine hydrate (100,$,
8 ml.) in diethylene glycol (10 ml.) was heated under reflux f o r
2 hours. Water was drained from the condenser and the temperature
allowed to rise to 200°C. The residue was refluxed for a further
112
4 hours, cooled, diluted with water and extracted with light 
petroleum to give a colourless liquid with an anisole-like odour. 
Distillation yielded the pure homochroman (119b) (1.5 g. > 0 .0 1 mole, 
40.5$) b.p. 95-96°C/l.5 mm. (lit. b.p. 115 60°C/0.2 mm) ^  n.m.r.
<5 1.4-2.2 (4H ; m), 2.6-3 .0 (2H ; ra), 4.0 (2H ; t ; J 5 Hz.)
c c l4
ana 6 . 8- 7 .4  (4H ; ra) ; i . r . V  max 3070, 3020, 2930, 2860, 2340,
✓ - 1 17
1605, I58O, 1280, 1235, 1080, 1045 and 1030 cm. • "C n.m.r.
160 . 470, 135 . 636 , 130 . 379 , 127 . 299, 123 . 394 , 1 2 1 .2 5 3 , 73 -5 4 1 ,
34.460, 32 .522 and 26 .308 p.p.m. ; m.s. m/e 148 (M+), 133, 119, 107,
91 and 78.
Peuteration of Hemiacetal
D euterium  o x id e  (10 ml) was d eg assed  by p la c in g  th e  l i q u i d  u n d e r  
a p re s s u re  o f  1 mm. Hg f o r  12 h o u rs . Clean, d ry  sodium m e ta l (23 mg)
-43-
was th e n  added , u n d e r  a a tm o sp h ere , to  a 1 m l. p o r t io n  o f  t h i s
deu terium  o x id e . A f te r  th e  m e ta l had d is s o lv e d ,  th e  h e m ia c e ta l
( 105) (47»5 ^s)  v,Tas added to  th e  s o lu t io n  to  g iv e  a m ix tu re  w hich was
O.25 m o lar in  h e m ia c e ta l and 1 .0  m o lar in  d e u te riu m  o x id e .  The
o
m ix tu re  was th e n  r e f lu x e d  ( o i l  b a th  te m p e ra tu re  £ a .  105 C) u n d e r 
n i t ro g e n  f o r  ^8 h o u rs  w hereupon s i g n i f i c a n t  c h a r r in g  o f  th e  m a te r ia l  
was n o te d  and th e  r e a c t io n  s to p p e d . A f te r  c o o l in g ,  CO2 gas 
g en e ra ted  from  D r ik o ld  was bubb led  in t o  th e  r e a c t io n  m ix tu re  to  
n e u t r a l i s e  th e  s o lu t i o n .  I t  was found n e c e s s a ry  to  add more D2O 
(6 ml) a t  t h i s  s ta g e .  The p ro d u c t was e x t r a c te d  w ith  ch lo ro fo rm  
to  y ie ld  a s e m i- s o l id  w hich cou ld  n o t  be c r y s t a l l i s e d .  T h is  c rude  
m a te r ia l  was p u r i f i e d  by p r e p a r a t iv e  t . l . c .  on a  5 x  20 mm. 
p reco a ted  a lum ina  p l a t e  (M erck ^  ty p e  T) u s in g  30$ e t h y l  a c e t a t e  -
l i g h t  p e tro leu m  as  e lu a n t .  The p u r i f i e d  m a te r ia l  co u ld  s t i l l  n o t
1 _ / c c l4
be c r y s t a l l i s e d .  H n .m .r .  o 0 .8 5 -4 .0  and 6 .8 -7 - 3  » * max
3600, 3540-3200 (3 4 0 0 ) , 3020, 2950, 2925, 2350, 1705, I 65O and 1460 craT1 ;
13
C n .m .r .  129 . 917 , 127 . 629 , 126 . 909 , 126 . 157 , 124 . 135 ,  3 0 .5 9 2 ,
29. 708, 2 7 .3 4 1 , 2 7 .1 5 8 , 24 .814  and 19.263  p .p .m . ; m .s . m /e  195 (M+) ,
194, 193, 192 , 1 91 , 165 , 164 , 139 , 121 , 71 and 57-
A drop  o f  DC1 added to  th e  s o lu t io n s  p roduced  no change in  
e i th e r  o r  n .m .r .  spec tru m .
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INTRODUCTION TO PART 2 .
A SHORT REVIEW OF SYNTHETIC APPROACHES
TO MEDIUM -  AND LARGE -  SIZED RINGS
(CH2)i2 C—0
\ /
CH — CH2
c h 3
( c h 2)7
(CH2)7
:c=o
(1) (2)
CH2— C =  N
(CH2)n
LiEtNCfiHc;
Ether
CH2— C=N
CH2. C
CEN
(CH2)n C =0  « (CH2)n C-NH2
CH2 c h 2
Schem e 1
0c h 2- c - c i CH=C=0
(CH2)n f r -  <CH2)n
c h 2- c - c l
II 
0
CH=C=0
CH2 C
0
(CH2)n+2 C—0 <-
KOH
(CH2)n— CH-COO
Scheme 2
-53-
The p u rp o se  o f  t h i s  in t r o d u c t io n  i s  to  o u t l in e  some o f  th e  
d i f f e r e n t  s y n th e t ic  ap p ro ach es  v h ic h  have been  used  to  p re p a re  
compounds c o n ta in in g  medium -  and l a r g e  -  s iz e d  r in g s  and in  
p a r t i c u l a r  th e  m a c ro c y c lic  a lk a n e s ,  k e tc n e s  and la c to n e s  (m a c ro lid e s )  • 
O th e r ty p e s  o f  m a c ro c y c lic  compounds such  a s  th e  n a t u r a l l y  o c c u r r in g  
p o rp h y r in s  and th e  n o n - n a tu r a l ly  o c c u r r in g  c ro v n s , c r y p ta te s  and 
cy c lo p h an es  v i l l  n o t  be d is c u s s e d .
*
S y n th e t ic  ap p ro ach es  t o  medium -  and l a r g e  -  s iz e d  r in g s
d a te  b ack  to  1926 w ith  th e  f i r s t  s y n th e s is  o f  m a c ro c y c lic  compounds
1
by R uzicka  and c o -v o rk e rs  i n  lo v  y i e l d  th ro u g h  p y r o ly s is  o f  heavy 
m e ta l s a l t s  o f  lo n g  c h a in  c a rb o x y lic  a c id s .  T h is  e s ta b l i s h e d  th e  
l a r g e  r in g  s t r u c t u r e s  f o r  th e  musk k e to n e s  muscone ( l )  end
/ x2c iv e to n e  ( 2) , b o th  o f  v h ic h  had e a r l i e r  been  i s o l a t e d  from  n a t u r a l
3 > 4so u rc e s  •
5
R u g g li1 s  o b s e rv a t io n  t h a t  in t r a m o le c u la r  r in g  c lo s u r e  i s  
fav o u red  u n d e r  c o n d i t io n s  o f  h ig h  d i l u t i o n  v as  a p p l ie d  by Z ie g le r ^  
i n  1933 s y n th e s is e  muscone and o th e r  m a c ro cy c lic  k e to n e s  i n
h ig h  y i e l d .  The y i e ld s  o f  even-membered r in g  k e to n e s  v e re  e s p e c i a l l y  
h ig h  (schem e 1 ) .  I n  1942 th e  h ig h  d i l u t i o n  te c h n iq u e  v a s  ex ten d ed  
by  H un sd ieck er vho u se d  tU - h a l o -  p  - k e to e s t e r s  to  s y n th e s is e  b o th  
muscone and c iv e to n e ^ .  A few  y e a rs  l a t e r  B lom au ist d ev e lo p ed  a  
s y n th e s is  o f  m a c ro c y c lic  k e to n e s ,  a g a in  a t  h ig h  d i l u t i o n ,  v ia
8c y c l i s a t i o n  o f  d ik e te n e s  g e n e ra te d  i n  s i t u  from  a c id  c h lo r id e s  
(scheme 2) .
Up to  t h i s  tim e  a l l  o f  th e  s y n th e t ic  m ethods s u f f e r e d  from  two 
s e r io u s  d is a d v a n ta g e s  i n  t h a t  i t  v a s  n e c e s s a ry  to  u se  a) a  lo n g -c h a in
* I n  g e n e r a l ,  l a r g e  r in g s  a r e  c o n s id e re d  to  be th o s e  c o n ta in in g  1 2 , 
13 o r  more a tom s, w h ile  medium r in g s  f a l l  i n  th e  ra n g e  o f  8 to  12 a tom s.
co2r CHOH
hot toluene c=o
Zn/HCt
Scheme 3
Fig 1
0
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d i f u n c t io n a l  p r e c u r s o r  and b) h ig h  d i l u t i o n  c o n d i t io n s  f o r  th e
c y c l i s a t i o n .  T h is  l a t t e r  d is a d v a n ta g e  'was overcom e i n  194? vhen 
9 10
F re lc g  and S t o l l  in d e p e n d e n tly  in tro d u c e d  th e  ’’a c y lo in "
c o n d e n sa tio n ^ ^ . T h is  p ro v id e d  th e  f i r s t  f e a s i b l e  r o u te  to
m edium -sized c a rb o c y c l ic  r in g s  and se rv e d  to  s t im u la te  i n t e r e s t  i n  t h i s
a re a  o f  r e s e a r c h .  H igh d i l u t i o n  i s  n o t  a  re q u ire m e n t f o r  th e  a c y lo in
co n d en sa tio n  s in c e  th e  r e a c t io n  ta k e s  p la c e  v ia  c h e m iso rp tio n  o f
an , « /  -  d i e s t e r  o n to  th e  s u r fa c e  o f  m olten  sodium . T h is
fa v o u rs  fo rm a tio n  o f  th e  a c y lo in  and hence th e  k e to n e  i n  h ig h
y ie ld  (Scheme 3) • F u r th e r  s tim u lu s  -was p ro v id ed  by th e  d is c o v e ry
12
i n  1949 o f  m edium -sized  r in g s  in  n a tu r e  by Scrm from  h is  s tu d ie s  
cn th e  n a tu r e  o f  ca ry c p h y le n e  (3)* S in ce  th e n  many e th e r  
s e s q u ite rp e n e s  have been  i s o l a t e d  and shown to  c o n ta in  s im i la r  
r in g  sy s tem s , f o r  exam ple, humulene (4) and germ acrone (5) .
Medium -  and l a r g e  -  s iz e d  r in g s  shov no r e g u la r  in te rd e p e n d e n c e
I 4 /o f  p r o p e r t i e s  and r in g  s i z e  " ( s e e  f ig u r e  1 ) .  The s t r a i n  in  
th e se  r in g s  v a s  i n i t i a l l y  a t t r i b u t e d  to  P i t z e r  s t r a i n ,  B aeyer s t r a i n
and in t r a - m o le c u la r  o v e rc ro v d in g  a c ro s s  th e  r in g  ( t r a n s a n n u la r  s t r a i n )
15 3 2o r  I - s t r a i n  . By r e p la c in g  an sp  carbon  v i t h  an sp  carb o n
th e  I - s t r a i n  i s  red u ce d  by in c r e a s in g  th e  C-C-C a n g le s  i n  th e  r i n g .  
There i s  th e r e f o r e  a  d r iv in g  fo r c e  f o r  t e t r a h e d r a l  c e n t r e s  to  
be co n v erted  to  t r i g o n a l  c e n t r e s .  The r e v e r s e ,  c o n v e rs io n  o f  an
2 3
SP c e n tr e  to  an sp  c e n t r e ,  i s  d is fa v o u re d  s in c e  t h i s  le a d s  to  a
sm a lle r  C-C~C bond a n g le  and hence an in c r e a s e  i n  s t r a i n .
Much o f  th e  c h e m is try  o f  medium -  and l a r g e  -  s iz e d  r in g s  i s
16
governed by co n fo rm a tio n  v h ic h  o f te n  b r in g s  o p p o s i te  s id e s  o f  th e
r in g  in to  c lo s e  p ro x im ity . F o r in s ta n c e ,  h y d ro x y la tio n  o f  c l s -
cy d o d ecen e  v i t h  p e rfo rm ic  a c id  gave o n ly  th e  1 ,6  — d i o l  ( th o u g h t
to  be c i s ^ ) ,  w h ile  t r a n s -c y c lo d e c e n e  gave th e  s te r e o i s c m e r ic  1 ,6  -
18
d io l .  Such t r a n s a n n u la r  i n t e r a c t i o n s  do n o t  o c c u r  i n  th e  l a r g e r
0 
(6)
H C E C — (CH2)^—C =  CH
C u C l 2 / NH^ Cl 02
C =  C - C E C
(CH2)4 (CH2)4
C= C— C = C
Scheme 4-
Schem e 5
PPh
CH2Br
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c y c lo a lk a n e  sy s tem s , a s  th e y  a re  more s p a c io u s , C yclododecene,
19
f o r  exam ple, g iv e s  th e  e x p e c te d  1 ,2 - d i o l s  . A gain , r e d u c t io n  o f
k e to n e  fu n c t io n  in  th e  n o n a n o lid e  ( 6) i s  e x tre m e ly  d i f f i c u l t .
T h is  i s  a t t r i b u t e d  to  th e  co n fo rm a tio n  o f  th e  r in g  w hich  "surrounds'*
th e  c a rb o n y l carbon  and h in d e rs  a t t a c k  o f  th e  re d u c in g  a g e n t .
20
D u n itz  and co -w o rk ers  have in v e s t ig a t e d  cyclononane and
cy c lo d ecan e  d e r iv a t iv e s  by x - ra y  m ethods i n  an a t te m p t to
e lu c id a t e  t h e i r  c o n fo rm a tio n s .
I t  i s  a p p a re n t  from  th e  fo re g o in g  d is c u s s io n  t h a t  medium — and
la r g e  -  s iz e d  r in g s  can be  o f  much i n t e r e s t  to  b o th  p h y s ic a l  and
o rg a n ic  c h e m is ts . However, t h i s  in t r o d u c t io n  w i l l  co n ce rn
i t s e l f  s o l e l y  w ith  s y n th e t ic  a s p e c ts  o f  th e s e  r in g  sy s te m s .
I n  195£>9 some 9 y e a r s  a f t e r  th e  developm ent o f  th e  a c y lo in
c o n d e n s a tio n , Sondheim er s u c c e s s f u l ly  a p p l ie d  th e  o x id a t iv e
21
c o u p lin g  o f  te rm in a l  d ia c e ty le n e s  to  th e  p r e p a r a t io n  o f  m a c ro c y c lic
22compounds . E g l in to n  and G a lb r a i th ,  a t  ab o u t th e  same t im e , a l s o
g e n e ra te d  l a r g e  r in g  compounds from th e  o x id a t iv e  c o u p lin g  o f
23
W/ -  d iy n e s  a t  h ig h  d i l u t i o n  . The Sondheim er s y n th e s i s ,
though  c h a r a c te r i s e d  by  low  y i e l d s ,  was th e  f i r s t  m a c ro c y c lic
s y n th e s is  to  o b v ia te  th e  need  f o r  b o th  h ig h  d i l u t i o n  c o n d i t io n s
and d i f f i c u l t  to  o b ta in  lo n g -c h a in  d i f u n c t io n a l  p r e c u r s o r s .
22a ,  c
Scheme 4 i s  i l l u s t r a t i v e
A number o f  s y n th e s e s  f o r  p a r t i c u l a r  m a c ro c y c lic  compounds
have been d ev e lo p ed , a  few  have some g e n e ra l  a p p l i c a b i l i t y  w h ile
o th e rs  a r e  c l e a r l y  r e s t r i c t e d  to  c e r t a in  s p e c ia l  c a s e s .  One
example o f  a  s y n th e s is  w hich sh o u ld  have some g e n e ra l  a p p l i c a b i l i t y
i s  t h a t  o f  th e  u se  o f  th e  W it t ig  r e a c t io n  to  g e n e ra te  m a c ro c y c lic  
24system s a s  d e p ic te d  i n  Scheme The r e a c t io n  has a l s o  been
25
employed f o r  th e  p r e p a r a t io n  o f  m a c ro c y c lic  k e to n e s  •
26
C orey h a s  app roached  th e  problem  o f  c y c l i s a t i o n  o f  lo n g  c h a in
(CH2)n mCO)L , f '
Schem e 6
n=8 ; 70-74 2
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m o lecu le s  in  a n o v e l way, A l ly l i c  d ib ro m id es  may be c y c l i s e d ,
u n d e r  h ig h  d i l u t i o n  c o n d i t io n s ,  to  c y c l ic  o l e f i n s  u s in g  n ic k e l
c a rb o n y l a s  c a t a l y s t  (Scheme 6) .  T h is  method has been d e v e lo p e d .
26
and a p p l ie d  to  th e  t o t a l  s y n th e s is  c f  humulene (4) and th e  p o t e n t i a l
a p p l i c a b i l i t y  o f  th e  method to  th e  s y n th e s is  o f  o th e r  n a t u r a l
26
p ro d u c ts  h as  been  n o te d  •
V ery r e c e n t ly ,  t f / - o c ta d ie n e d iy ln ic k e l  (7 ) h as  been u se d
27
to  p re p a re  a  s e r i e s  o f  c y c l ic  a lk e n e s  and k e to -a lk e n e s  • As
an exam ple, t r e a tm e n t  o f  ( 7) v i t h  a l l  ene a t  lo v  te m p e ra tu re
fo llo w e d  by  o v e rn ig h t  t r e a tm e n t  w ith  CO gave a  m ix tu re  c f  ( 8) -  (11)* 
28M a c ro lid e s  a r e  an im p o r ta n t group o f  m a c ro c y c lic  com pounds,
many o f  w hich a r e  b i o l o g ic a l ly  a c t i v e .  They c o n ta in  num erous
asym m etric  c e n t r e s  and have many c o n fo rm a tio n a l p o s s i b i l i t i e s
ab o u t 1 2 - ,  1 4 -  o r  l 6-membered la c to n e  r i n g s .  T here  a r e  u s u a l ly
a  v a r i e ty  o f  s u b s t i t u e n t s  in c lu d in g  o n e , two o r  t h r e e  g ly c o s id e
u n i t s .  T o ta l  a b s o lu te  c o n f ig u ra t io n s  have been  a s s ig n e d  to  s e v e r a l
m a c ro lid e s  in c lu d in g  e ry th ro m y c in  ( 12) and th e  leu co m y cin s  (13)*
The s te re o c h e m ic a l s tu d ie s  have been  th e  s u b je c t  c f  a  re v ie w  by 
29Celm er • However, n o t  a l l  m a c ro lid e s  p o s s e s s  12- ,  1 4 -  o r  1 6 -
membered r i n g s ,  p im a r ic in  (1 4 ) ,  f o r  exam ple, h a s  a  r in g  o f
26 a tom s; n o r  do th e y  a l l  p o s se s s  a n t i b i o t i c  a c t i v i t y ,  a s  f o r
exam ple c u r v u la r in  (15) • T here a r e  a l s o  m a c ro c y c lic  l a c to n e s  such
as  e x a l t c l i d e  ( l 6) and e m b re tto l id e  (17) whose m ain f e a t u r e  i s  an
odour much p r iz e d  i n  p erfu m ery .
The Sondheim er s y n th e s is  ( s e e  p 5 5 )  has been ex ten d ed  t o  th e
70
s y n th e s is  o f  m a c ro lid e s- ' a s  shovn in  Scheme 7« The a l l y l i c  
d ib ro m id e -n ic k e l c a rb o n y l co u p lin g  r e a c t io n  (se e  above) h a s  a l s o
31been s u c c e s s f u l ly  a p p l ie d  to  th e  s y n th e s is  o f  m a c ro c y c lic  l a c to n e s  • 
The exam ple shown i n  Scheme 8 i s  th e  s y n th e s is  o f  E ,E  — c y c lo —
(20)
(22)
(21)
0
0
0
0
I
(23)
C6H5CH20
C6H5CH20
C6H5CH20
(24-)
c o 2c h 3
R 1= H ; R 2 = C 0 2 M e  
R1= C 0 2 M e ;  R 2 = H  
R1= H ; R 2 = H
Scheme 9
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dodeca—5 >8- d ie n o l id e  ( l 8 ) from  th e  Z ,Z -d ib ro m o e s te r  (19) •
B ic y c l ic  m a c ro la c to n e s  have been p re p a re d  v ia  an in t r a m o le c u la r
32v e r s io n  o f  th e  D ie ls -A ld e r  r e a c t io n  . T hus, s low  a d d i t io n  
o f  th e  open—c h a in  d i e s t e r  ( 20) to  r e f lu x in g  b e n z o n i t r i l e  gave 
in  h ig h  y i e l d  a  m ix tu re  o f  th r e e  in t r a - m o le c u la r ly  form ed 
D ie ls -A ld e r  p ro d u c ts  (2 1 )—(23)* The h ig h  te m p e ra tu re s (c a .1 9 0 °C ) 
and th e  n o n - s te r e o 3e l e c t i v e  n a tu re  o f  th e  r e a c t io n  a r e  obv ious 
l i m i t a t i o n s  o f  th e  method f o r  th e  c o n s tr u c t io n  o f  com plex, n a t u r a l l y  
o c c u r r in g  m a c ro lid e s .  The Dieckmann c o n d e n sa tio n  h as  been  a p p l ie d
33by Hurd and Shah to  th e  p r e p a r a t io n  o f  th e  m a c ro lid e  a n t i b i o t i c  
z e a ra la n o n e  (2 4 ) .  The ro u te  u sed  i s  a s  d e p ic te d  i n  Scheme 9*
A ll  o f  th e  m ethods m en tioned  in  th e  p re v io u s  p a ra g ra p h  u se  
h ig h  d i l u t i o n  c o n d i t io n s .  A p art from  d i l u t i o n ,  e a se  o f  c y c l i s a t i o n  
i s  d ep en d en t on s e v e r a l  s t r u c t u r a l  f a c t o r s  w hich in f lu e n c e  th e  
co n fo rm a tio n  o f  th e  c h a in , and hence th e  p r o b a b i l i t y  o f  a  s u i t a b l e  
co n fo rm a tio n  o c c u r r in g  w hich  fa v o u rs  c y c l i s a t i o n .  R eplacem ent o f  
a m e thy lene  g roup  by an oxygen atom , w hich d im in ish e s  c o n fo rm a tio n a l 
s t r a i n  due to  re p la c e m e n t o f  a  t e t r a v a l e n t  atom by a  d iv a l e n t  atom , 
o r  in t r o d u c t io n  o f  a  r i g i d  g ro u p , su ch  a s  an a c e ty le n ic  bond o r  an 
a ro m a tic  r i n g ,  w hich  d e c re a se s  m o b i l i ty ,  r e s u l t s  i n  an in c re a s e d  
y i e ld  o f  m a c ro c y c lic  compound. The in f lu e n c e  o f  s u b s t i t u e n t s  on
34
c y c l i s a t i o n  o f  medium r in g s  has  been  s tu d ie d  by Friedm an and
35
B lom quist •
Of a l l  th e  m a c ro lid e -fo rm in g  r e a c t io n s ,  th e  l a c t o n i s a t i o n  o f
long  o p e n -c h a in  hydroxy a c id s  i s  th e  m ost d i r e c t  and g e n e ra l  m ethod.
Most o f  th e  p ro c e d u re s  f o r  m a c ro lid e  s y n th e s is  th e r e f o r e  in v o lv e  
0
-C -0 -  bond fo rm a tio n  by i n t e r n a l  e s t e r i f i c a t i o n  c f  hydroxy a c id  
p r e c u r s o r s .  B oth  e n tro p y  and p o ly m e r is a tio n  f a c t o r s  te n d  to
36
disfavour th is  however. In 1974 Corey reported a new e ff ic ie n t  
and mild lacton isation  procedure for the synthesis of macrolides.
Scheme 10
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The te c h n iq u e  in v o lv e s  th e  s im u lta n e o u s  a c t i v a t io n  o f  b o th  c a rb o x y l 
and h y d ro x y l g roups o f  a hydroxy a c id  f o r  m u tu a l r e a c t io n  by 
u t i l i s i n g  a  c a rb o x y l d e r iv a t iv e  v h ic h  fa v o u rs  p ro to n  t r a n s f e r  from  
hy d ro x y l to  c a rb o x y lic  oxygen. The id e a  i s  i l l u s t r a t e d  f o r  th e  
s p e c i f i c  c a se  c f  a 2 - p y r id in e th io l  e s t e r  o f  a  hydroxy a c id  ( 25) 
in  Scheme 1 0 . The fo rm a tio n  o f  medium and la r g e  r in g  la c to n e s  
v i a  i n t e r n a l  e s t e r i f i c a t i o n  o f  hydroxy a c id s  by t h i s  m ethod i s  
h ig h ly  e f f e c t i v e  and y e t  m ild  enough to  be  u sed  v i t h  com plex and 
p o ly f u n c t io n a l  s u b s t r a t e s .  In  a d d i t io n  to  th e  la c to n e s  (2 6) ,  
d im e ric  c y c l i c  d i e s t e r s  ( d i l i d e s )  ( 27) and t r im e r ic  c y c l ic  
t r i e s t e r s  ( t r i l i d e s )  ( 28) a re  a ls o  form ed in  v a ry in g  am ounts.
37T h is  "d o u b le  a c t iv a t io n "  m ethod has been -widely u se d  to
s y n th e s is e  m a c ro c y c lic  la c to n e s  in c lu d in g  th e s e  i n  th e
38 ^8p ro s ta g la n d in  and p o ly e th e r "  a n t i b i o t i c  s e r i e s .  M e c h a n is tic
s tu d ie s  have a tte m p te d  to  ex ten d  th e  method to  e t h e r  t h i o l  
40e s t e r s  • C lo s e ly  r e l a t e d  m ethods have been d ev eloped  by
41 42Massmune and Mukaiyema
A ll  o f  th e  sy n th e s e s  m entioned  above in v o lv e  th e  c y c l i s a t i o n
c f  lo n g  c h a in  compounds. The p roblem s e n co u n te red  in  t h i s
approach  to  macro c y c le s  and seme c f  th e  a t te m p ts  to  surm ount
th e s e  d i f f i c u l t i e s  have been  d is c u s s e d .  A second method o f
s y n th e s is  o f  medium and l a r g e  r in g  compounds in v o lv e s  r in g
en la rg em en t o f  s m a lle r  c y c l ic  compounds, and many such  m ethods o f
43
r in g  e n la rg em en t a re  known . These r e a c t io n s  u s u a l ly  o f f e r  r i n g  
expansion  by o n ly  one o r  tv o  carbon  atom s end have l i t t l e  g e n e ra l  
a p p l i c a b i l i t y  to  th e  s y n th e s is  c f  co m p lica ted  m a c ro c y c lic  k e to n e s  
end l a c to n e s ,  and in  p a r t i c u l a r  to  th e  s y n th e s is  o f  th e  m a c ro lid e  
a n t i b i o t i c s  v i t h  t h e i r  m u l t i p l i c i t y  c f  s u b s t i tu e n t s  and asym m etric  
c e n t r e s .  However, v i t h  th e  in c r e a s in g  a v a i l a b i l i t y  o f  c e r t a in  
medium and l a r g e  r in g  compounds, th e s e  r in g  exp an sio n  r e a c t io n s
OH
OH
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assume a greater importance as nay be seen from the examples given 
below.
The reaction of .diay.omethane on cyclic ketones gives a one
carbon ring expansion end has been known for some time. The two
44
carbon ring expansion of Thies is more recent (see Scheme 11)*
A disadvantage is the low yields commonly obtained by the method.
A photochemical method of ring enlargement (Scheme 12) has been 
45
published by Cookscn . It is specific for ketone synthesis and
gives high yields. However it suffers from the limited application
of any photochemical method in that it will not be feasible when
a complicated ketone containing photcchemically sensitive groups
is required.
46
Story has developed a method of synthesis of a large number
of macrocycles (Cg-C^) through treatment of small ring ketones.
The basic route is shown in Scheme 13. Cycloheptancne, for
example, Is heated with hydrogen peroxide under acid conditions to
give initially trimeric peroxide (29) then the dimer (30)•
Decomposition of the peroxides, either photo chemically or thermally
in refluxing decane, yields the macrclide (31) and cycloslkene (32)
and the macrolide (33) and cyclealkane (34) from the dimer and trimer
respectively. The dimer/trimer ratio is dependent on the
temperature of the ke ton e-hydrogen peroxide reaction. The
cycloalkenes are formed in 10 to 40* yield and the corresponding
lactones in 10 to 25$ yield. It is possible to synthesise
/
mixed peroxides such as (35) by first obtaining the 1,1 —
ditydroperoxy—dicyclcalkyl peroxides, for example (36) followed 
by reaction at low temperatures with a cyclcalkanone such as (37 ) 
in propionic acid as solvent and perchloric acid as catalyst.
This synthetic method is evidently one of seme general applicability 
which makes available many macrccyclic systems hitherto unobtainable.
(38) 
R = H
R1= Me RT= H
!
R = Me (40) R = Me R1= H
R2= OH r2= OH
(41) R = H R1= Me
(42) R =  Me R1=H
He
(43)
(R) R = Me R1-H  
(S) R = H R1=Me
OH
OH
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C o n s id e ra b le  e f f o r t  w i l l  be r e q u i r e d ,  how ever, to  e x ten d  th e
te c h n iq u e  to  th e  s y n th e s is  o f  s u b s t i t u t e d  s p e c ie s ,
4 7
R e c e n tly  , (R )-  and ( S ) -  rrruscone have been s y n th e s is e d  v ia  
an ep o x y -su lp h o n e  c y c lo f ra g m e n ta tio n  r e a c t io n .  G rig n a rd  r e a c t io n  
o f  th e  bromo compounds (R ) -  and ( S ) -  Br-Cf^-CH.M e-C^-OCH^-Ph 
w ith  cy c lo d o d ecan o n e , fo llo w ed  by fcy d ro g en c ly sis  gave th e  
e n a n tio m e r ic  d io l s  (38) w hich w ere t r e a te d  w ith  (4  -  Me-Cg 
and PBu^> th e n  o x id is e d ,  to  g iv e  th e  c o rre sp o n d in g  hydroxy 
su lp h o n es  ( 38) (R = SC^-C^ H^-Me — 4) .  T hese w ere d eh y d ra te d  and 
e p o x id is e d  to  g iv e  th e  ep o x y -su lp h o n es ( 3 9 ) - ( 4 2 ) .  C y c l i s a t i c n  
o f  (3 9 ) - (4 2 )  fo llo w e d  by h y d ro g e n a tio n  gave th e  c h i r a l  m usccnes 
(R )-(4 3 ) and ( S ) - ( 4 3 ) .
The rem a in in g  ap p ro ac h  to  medium and la r g e  s i z e  r i n g  compounds 
in v o lv e s  r in g  a n n u la t io n - s c i s s ic n  m ethods. I n  b i c y c l i c  compounds 
where th e r e  i s  a  c a rb c n -c a rb c n  d o u b le  bend a t  th e  r in g  f u s io n ,  
m a c ro c y c lic  compounds can be  o b ta in e d  by o z o n o ly s is  fo llo w e d  by  . 
h y d ro ly s is  o f  th e  o z o n id e . F or exam ple, o z o n o ly s is  o f  
o c t a l i n  (44 ) y i e ld s  c y c lo d e c a n - l ,6-d ic n e  ( 45) . C leavage o f  a
t r a n s a n n u la r  ca rb o n -ca rb o n  d oub le  bond has  a ls o  been e f f e c t e d  by 
th e  u se  o f  p e rb e n z o ic  a c id ,  fo llo w e d  by h y d ro ly s is  and c le a v a g e  o f
49th e  g ly c o l  ( s e e  Scheme 1 4 ) .
The c o n c e p t o f  c le a v in g  fu s io n  bends o f  b ic y c l i c  s t r u c t u r e s  
50
to  c r e a te  l a r g e r  r in g s  h as  been  s u c c e s s f u l ly  a p p lie d  to  th e  s y n th e s i s  
o f  m a c ro c y c lic  l a c to n e s .  A r e a c t io n  w hich g e n e ra te s  a  l a r g e  r in g  
from a  b i c y c l i c  system  and a t  th e  same tim e  c r e a te s  a  la c to n e  
f u n c t i o n a l i t y  i s  th e  o x id a t iv e  c le a v a g e  o f  b ic y c l i c  e n o l e th e r s  w ith
51th e  d o u b le  bend a t  th e  r in g  f u s io n .  B orow itz  e t  a l .  have r e p o r te d  
th e  s y n th e s is  i n  good y i e l d  o f  s e v e r a l  k e to la c to n e s  (47) o f  v a r io u s  
s iz e s  ra n g in g  from  1 0 -  to  1 6-  membered from  th e  e n o l e t h e r s  (4 6 ) .  
o -C h lo ro p e rb e n zo ic  a c id  ( a s  shown i n  th e  schem e), ozone fo llo w ed  by
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z in c  - a c e t i c  a c id ,  o r  chrom ic a c id  may be used  to  e f f e c t  th e  c le a v a g e
o f  (46) to  (4 7 ) .  The same c le a v a g e  c f  (46) to  (47) (n=m=l)
52was e f f e c t e d  by M ahajan u s in g  n - b u ty l  n i t r i t e  fo llo w e d  by a c id  
h y d r o ly s is  o f  th e  r e s u l t i n g  o x im elac to n e  (Scheme 15) •
53Eschenm oser has dev e lo p ed  a  s y n th e s is  o f  m acro cy c le s  from
b ic y c l i c  en o n es . The m ethod in v o lv e s  a  h e t e r o l y t i c  f ra g m e n ta tio n
o f  jS- ep o x y -to lu e n e -j^ -su lp h o n y lh y d ra z o n e s , o b ta in a b le  from  th e
enones a s  shown in  Scheme 1 6 . The te c h n iq u e  has g e n e ra l  
a p p l i c a b i l i t y ^ ,  one exam ple b e in g  th e  s y n th e s is  o f  
c y c lo p e n ta d e c -4 -y n - l-o n e  ( 49) from  b ic y c lo  [ 1 0 .3 . 0 ]  -p e n ta d e c -  
1 4 - e n - l - c n e  ( 4 8 ) .
B ic y c l ic  compounds h av in g  a  c a rb o n y l b r id g e  have been c o n v e rte d
55 56to  medium s iz e d  m onocycles v ia  B a e y e r - V i l l ig e r  and  Beckmann 
r e a c t io n s .  I n  an exam ple o f  th e  fo rm e r , b ic y c lo  [5 * 2 .1 ]  d ec -1 0 -cn e  
(50) was tra n s fo rm e d  i n t o  4 -h y d ro x y c y c lo n o n sn e c a rb o x y lic  a c id  (51 ) 
w h i l s t  i n  th e  l a t t e r  c a s e ,  th e  b i c y c l i c  k e to n e  (52 ) was c o n v e rted  
to  th e  am in o -ac id  h y d ro c h lo r id e  (53) •
Bridge fiss io n  in  the bicyclo [3*3*1] nonanes and related
57compounds has been  th e  s u b je c t  o f  a  rev iew  by Buchanan • F is s io n  
r e a c t io n s  i n  th e s e  system s u t i l i s e  th e  f a c t  t h a t  a  l - ( endo)-  
s u b s t i t u e n t  h a s  th e  a n t ip e r ip l a n a r  geom etry  w ith  r e s p e c t  to  th e  
C ( l) -C (9 )  bond ( s e e  f ig u r e  2) w hich i s  e s s e n t i a l  to  a sm ooth 
f ra g m e n ta tio n  r e a c t io n .  The r e a c t io n  was f i r s t  d em o n stra te d  by 
th e  t r a n s fo rm a t io n  o f  (54) to  ( 55) y b u t  h a s  been  more e x te n s iv e ly  
s tu d ie d  on th e  an a lo g o u s t o s y l a t e s  ( 5^ ) - ( 5^) g iv in g  a  s e r i e s  o f  
c y d o a lk e n e  c a rb c x y lic  a c id s  from th e  a p p ro p r ia te  b ic y c lo  [ 3 *3 *1 ] 
nonane , b ic y c lo  [ 3 .2 .1  ] o c ta n e  and b ic y c lo  [ 4 .2 .1 ]  decane 
d e r iv a t iv e s .  B rid g e  s c i s s io n  has a l s o  been e f f e c t e d  by a  
r e t r o - C l a i s e n  r e a c t io n ,  a s  i n  th e  co n v e rs io n  o f  (59) to  ( 60) ,  
in  w hich  b r id g e  open ing  i s  accom panied by m ig ra tio n  o f  th e  doub le  bond .
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The c le a v a g e  o f  b ic y c l i c  k e to n e s  has been accom plished
58
p h o to c h e m ic a lly . N ozaki s y n th e s is e d  c y c lo -p e n ta d e c a n o n e  (62)
i n  20—30/6 y i e ld  v i a  a th r e e  carbon  r in g  en la rg em en t o f  th e  b ic y c l i c
compound ( 6l )  ( s e e  Scheme 1 7 ) .  D e s u lp h u r is a t io n  o f  s u lp h u r
59
b r id g e d  b ic y c le s  has a l s o  been  u sed  to  p roduce  m acro cy c le s  
and i s  i l l u s t r a t e d  i n  Scheme 1 8 . F in a l ly ,  th e  c le a v a g e  o f
60
c a rb o n -c a rb o n  s in g le  bonds m ust be m en tio n ed . A r e c e n t  exam ple 
o f  th e  a p p l ic a t io n  o f  t h i s  method i s  shovm i n  Scheme 1 9 .
PART 2
Lactone *
Scheme 20
(63) (65)
Scheme 21
(67)(66)
(69) (68)
(70)
Scheme 22
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(71)
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I t  i s  a p p a re n t from th e  in t r o d u c t io n  to  P a r t  2 t h a t  th e  
s y n th e s is  o f  medium and l a r g e  r in g  compounds may be e f f e c t e d  u s in g  
c y c l i s a t i o n  o f  lo n g  c h a in  p r e c u r s o r s ,  r in g  ex p an sio n  o f  s m a l le r  
c y c l ic  compounds o r  r in g  a n n u la t io n - s c i s s io n  m ethods. The o b je c t  
o f  th e  work to  be d e s c r ib e d  h e re  was to  e x ten d  th e  r in g  a n n u la t io n -  
s c i s s io n  m ethod o f  p re p a r in g  l a r g e  r in g s  and m a c ro c y c lic  la c to n e s  u s in g  
a v a i l a b l e  5“  o r  6-  merabered r in g s  ( s e e  Scheme 2 0 ) .
6l
Indanone  ( 65) may be p re p a re d  q u i t e  e a s i l y  from in d e n e  ( 63) 
by  th e  ro u te  shown in  Scheme 21 and cyclohexanone i s  r e a d i l y  a v a i l a b l e .
I t  was p ro p o se d , th e r e f o r e ,  to  u se  th e s e  two m a te r ia l s  to  s y n th e s is e  (70) 
u s in g  th e  r o u te  shown i n  Scheme 22 . T h is  b e n s o t r i c y c l i c  compound ( 70) 
em bodies a l l  th e  f e a tu r e s  n e c e s s a ry  f o r  r in g  o p en in g . M oreover, 
th e  a ro m a tic  r in g  sh o u ld  in t ro d u c e  r e a c t i v i t y  i n t o  th e  m o le c u le  w h i l s t  
in c r e a s in g  th e  m o le c u la r  w e ig h t, th u s  g iv in g ,  i n  a l l  p r o b a b i l i t y ,  s o l i d s ,  
w hich  a r e  e a s i e r  to  h a n d le .
A rom atic m a c ro lid e s  a re  known in  n a tu r e ,  some exam ples b e in g
62 63 64
-  d e h y d ro c u rv u la r in  ( 71) > l a s io d ip lo d in  ( 7 2 ) and c u r v u la r in  ( 15) .
I f  ( 70) p ro v ed  to  be  a  u s e f u l  s y n th e t ic  p r e c u r s o r  to  m a c ro c y c lic
l a c to n e s ,  a  w ide ran g e  o f  th e s e  a ro m a tic  m a c ro lid e s  co u ld  b e  s y n th e s is e d
b y  s u i t a b l e  m o d if ic a t io n  o f  s t a r t i n g  m a te r ia l s .
F o llo w in g  th e  p r e p a r a t io n  o f  indanone ( 66) th e  M a n n ic h ^  b a s e
h y d ro c h lo r id e , [ 2 - (N ,N -d im e th y l-a m in o m e th y l)- in d a n -l-o n e  h y d ro c h lo r id e  ( 67)]
was p re p a re d  by r e f lu x in g  indanone  ( 66) w ith  p a ra fo rm a ld eh y d e  and
66
d im ethy lam ine  h y d ro c h lo r id e . The i . r .  spectrum  showed a b s o rp t io n s
-1 -1
a t  278O-23OO cm. (ammonium band) and 1710 cm. (c o n ju g a te d  C = 0) ,
w h ile  th e  n .m .r .  spec trum  showed s ig n a l s  a t  8  ( 6H ; s ) , a s s ig n e d
to  th e  two N -m ethyl g ro u p s , and a t  8  7*3-8*0 (4H ; m ), a s s ig n e d  to  th e  
a ro m a tic  p ro to n s .
L ib e r a t io n  o f  th e  M annich b a se  ( 68) ,  from i t s  h y d ro c h lo r id e  ( 67) 
p roved  d i f f i c u l t ,  du e , p resum ab ly , to  th e  s o l u b i l i t y  o f  th e  f r e e  b a s e
(73)
(74)
Scheme 23
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Lactone
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i n  th e  w a te r  u sed  i n i t i a l l y  to  d is s o lv e  th e  h y d ro c h lo r id e . A f te r  
s e v e r a l  m o d i f ic a t io n s ,  th e  b e s t  r e s u l t s  were o b ta in e d  by d is s o lv in g  
th e  M annich b a se  h y d ro c h lo r id e  ( 67) i n  a minimum amount o f  w a te r  
and n e u t r a l i s i n g  t h i s  s o lu t io n  w ith  0 .88  ammonia, fo llo w e d  by 
s a l t i n g - o u t  and e x t r a c t io n  o f  th e  f r e e  M annich b ase  ( 68) w ith  e th e r .
The i . r .  spec trum  o f  th e  c ru d e  M annich b a se  ( 68) showed a b s o rp t io n s
-1 . -1
a t  1715 (c o n ju g a te d  C = 0 ) ,  lo lO  and 1590 cm. (c o n ju g a te d
a ro m a tic  r in g )  and 1210 cm. (C -  N s t r e t c h )  w h ile  th e  n . r a . r .  spec trum  
showed s ig n a l s  a t  S  2 .3  ( 6H ; s )  a s s ig n e d  to  th e  two N -m ethy l g ro u p s , 
and 5  7 * 2 t8 .0  (4H ; m ), a s s ig n e d  to  th e  a ro m a tic  p ro to n s .
The crude Mannich base (68) was then subjected to thermal-Michael^ 
conditions with cyclohexanone to give the expected product, 2-(2^-oxo-
c y c lo h e x y l) - in d a n - l-o n e  ( 69) a s  a  c l e a r  y e llo w  o i l .  The i . r .  spec tru m
-1 -1
showed a b s o rp t io n s  a t  1715 c®1* (C = 0) and a t  1610, 1590 cm.’1’
(c o n ju g a te d  a ro m a tic  r i n g ) ,  w h ile  th e  n .m .r .  spec trum  showed a  r a t i o
o f  a ro m a tic  to  a l i p h a t i c  p ro to n s  2 : 7 *  T here  was no f i n e  s t r u c t u r e
v i s i b l e  in  th e  m e thy lene  "e n v e lo p e " . The mass sp ec trum  had  a
p a r e n t  io n  a t  m /e 242, and th e  p r e p a r a t io n  o f  th e  d e r iv a t iv e  (73)
co n firm ed  th e  s t r u c t u r e  a s  ( 69) .
The c y c l i s a t i o n  o f  th e  d ik e to n e  ( 69) h as  p r e v io u s ly  been  
68s tu d ie d  and th e  b e s t  p ro c e d u re , b ased  on th e  work o f  A lla n  and 
69 , 70
V e i l s ,  in v o lv e s  th e  u se  o f  A m b erlite  IR -120 (H) r e s i n  in  w a te r .
The p ro d u c t (70) o b ta in e d  from t h i 3 r e a c t io n  showed a b s o rp t io n s  i n  th e  
i . r .  a t  1730 and 1720 cm.^ ( c . f .  V* 1733 and 1725 cm?'*’ i n  th e
  CO
b icy c lo n o n en o n e  (74) ) .  The n .m .r .  spectrum  had  s ig n a l s  a t
6  7 .0 -7 .5  (4H ; m) due to  th e  a ro m a tic  p ro to n s ,  6  3*5 (1H > m) 
due to  th e  p ro to n  on C-4 and & 3 »4 (2H ; s) due to  th e  in d e n e  
m ethy lene  p ro to n s .  The mass spectrum  gave a  p a r e n t  io n  a t  m /e 224 .
The p ro p o sed  r o u te  to  th e  m acrocycle  was now to  be  a s  shown in  
Scheme 23 u s in g  (70) a s  th e  s t a r t i n g  m a te r ia l .  S in ce  C-9 of*
Scheme 24-
Me
(80)
(70)
(76)
0
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k e to n e  (70) i s  b o th  b e n z y lic  and a l l y l i c ,  w hereas C -l i s  on ly
a l l y l i c ,  i t  was th o u g h t t h a t  o x id a t io n  would o ccu r p r e f e r e n t i a l l y
72
a t  C -9 . The o x id a t io n  o f  (70) had p re v io u s ly  been s tu d ie d  and
s e v e r a l  r e a g e n ts  had been  u sed  in  th e  a t te m p t to  p re p a re  (75)*
These in c lu d e d  anhydrous sodium ch rom ate , le a d  t e t r a a c e t a t e ,  m e rc u ric
a c e t a t e ,  N -b ro m o -su cc in im id e , chromium t r i o x id e  in  p y r id in e
( C o l l i n s 1 r e a g e n t ) , sodium d ich ro raa te  and se len ium  d io x id e .  Only
w ith  se len iu m  d io x id e  in  a c e t i c  a c id  had i t  been p o s s ib le  to
obtain (75) then only in 25  ^ y ie ld . Despite several attempts
72
u s in g  b o th  sodium  d ich ro raa te  ( r e p o r te d  to  g iv e  th e  a l l y l i c  
o x id a t io n  p ro d u c t ( 76))  ancl se len iu m  d io x id e ,  i t  was im p o ss ib le  to  
p re p a re  e i t h e r  (75) c r  ( 76) from  th e  k e to n e  (7 0 ) ,  I n s te a d ,  i n  
each  c a s e ,  s e v e r a l  p ro d u c ts  w ere o b ta in e d  and s e p a ra te d  by t . l . c . ;  
none o f  th e s e  p ro d u c ts  had th e  r e q u ir e d  m o le c u la r  w e ig h t o r  n . r a .r ,  
c h a ra c  t e r i s  t i c  s .
R e f lu x in g  th e  k e to n e  (70) w ith  e th y le n e  g ly c o l and to lu e n e - p -  
su lp h o n ic  a c id  in  benzene gave an a lm o s t q u a n t i t a t iv e  y ie ld  o f  
2 , 4 -p ro p a n o - l , 2 ,3 14 - te t r a h y d ro f lu o re n -3 -o n e  a c e t a l  (77) • The 
i . r ,  spec tru m  showed th e  ab sen ce  o f  k e to n e  a b s o rp t io n ,  w h ile  th e  
n .m .r .  sp ec trum  showed a  s ig n a l  a t  & 3*8 (4H ; m) due to  th e  a c e t a l  
f u n c t io n .  The mass spectrum  had a  p a r e n t  io n  a t  m /e 268.
A ttem p ts  to  o x id is e  th e  a c e t a l  (77) to  e i t h e r  (78) o r  (79) 
s i m i l a r l y  m et w ith  f a i l u r e .
As th e  ro u te  from  th e  v in y lo g o u s -^ g -d ik e to n e  (75) to  th e  
m acro cy c le  seemed so p ro m isin g  ( s e e  Scheme 23) o th e r  m ethods o f  
p r e p a r in g  (75) w ere so u g h t. One such  method i s  d e p ic te d  in  
Scheme 24 . However i t  was n o t  p o s s ib le  to  p re p a re  th e  M annich b a se  
h y d ro c h lo r id e  ( 8l )  o f  o - a c e ty l  b en zo ic  a c id  (8 0 ) .  T h is  may be due 
to  th e  e x is te n c e  o f  ( 80) i n  th e  form  o f  th e  p se u d o -a c id  (82) .
The i . r .  sp ec trum  o f  (80) shows a b s o rp tio n s  a t  3^00” 2300, 1730> 1615
Scheme 25
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and 1600 cm. w h ile  th e  n .m .r .  spectrum  has s ig n a l s  a t  S  2 .0  
(3H > s ) , <£ 5*9 (1H ; s ) , w hich d is a p p e a rs  on a d d i t io n  o f  D2O, 
and £  7 .4 - 3 .0  (4H ; m ).
A no ther p o s s ib le  ro u te  to  (75) i s shown in  Scheme 25 .
In d a n -1 , 3 -d io n e  (84) was p re p a re d  from p h th a l id e  ( 83) by th e
73l i t e r a t u r e  p ro c e d u re  whose mechanism i s  o u t l in e d  in  Scheme 26.
T h is  compound showed a b s o rp tio n s  in  th e  i . r .  a t  1750, 1715 , I 69O 
and 1600 cm. , w h ile  th e  n .m .r .  had s ig n a l s  a t  6  3 .2  (2H ; s ) and 
S  7* 8- 8 .1  (4H ; m). However, th e  p r e p a r a t io n  o f  th e  M annich b a se  
h y d ro c h lo r id e  ( 85) o f  in d a n d io n e  f a i l e d .  I n s te a d ,  an amorphous 
s o l i d ,  in s o lu b le  in  m ost o rg a n ic  s o lv e n t s ,  was o b ta in e d . A
l i t e r a t u r e  s e a rc h  r e v e a le d  t h a t  th e  M annich c o n d e n sa tio n  had
74 75
p r e v io u s ly  been a tte m p te d  w ith  in d a n -1 , 3-d io n e  and dim edone
and had f a i l e d  to  g iv e  th e  ex p ec ted  p ro d u c t i n  each  c a s e .
By m o d ify in g  Scheme 25 a  new ap p ro ach  to  (75) was a tte m p te d .
T h is  in v o lv e d  condensing  th e  M annich b a se  ( 87) o f  cyc lohexancne
w ith  in d a n -1 ,3 -d ± o n e  (84) ( s e e  Scheme 2 7 ) . The M annich b ase
h y d ro c h lo r id e  ( 86) o f  cy c lohexanone , p re p a re d  u s in g  fo rm a lin  and
76
dimethylamine h y d ro c h lo r id e  , showed i . r .  a b s o rp tio n s  a t  2700-  
2280cm.^ (ammonium band) and 1700 cmT^ (C = 0 ) ,  and n .m .r .  s ig n a l s  
a t  6  2 .9  ( 3H ; s )  and 2 .8  (3H ; s )  a s s ig n e d  to  th e  two N -m ethyl 
g ro u p s . As i n  th e  c a se  o f  in d a n o n e , th e  f r e e  M annich b a se  o f  
cyc lohexanone was o b ta in e d  by t re a tm e n t o f  th e  M annich b a se  
h y d ro c h lo r id e  w ith  0 .8 8  ammonia. I t  showed i . r .  a b s o rp t io n s  a t  
1715 cmT^ (C = 0) and 1210 cm.*’ (C-N s t r e t c h )  and n .m .r .  s ig n a l s  a t
$  2 .2  ( 6H j  s) a s s ig n e d  to  th e  two N -m ethyl g ro u p s . S u b je c tio n
/ o x  67o f  t h i s  c ru d e  M annich b a se  (87) to  th e rm al-M ic h ae l c o n d i t io n s
w ith  i n d a n - l , 3 -d io n e  f a i l e d  however to  y ie ld  th e  d e s i r e d  p ro d u c t ( 88) .  
A f u r t h e r  m o d if ic a t io n  o f  th e  b a s ic  r o u te  shown i n  Scheme 25
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was now a tte m p te d . T h is  in v o lv e d  u s in g  p h th a l id e  a g a in  b u t  t h i s
tim e  in s te a d  o f  fo rm aldehyde , a s  in  Scheme 25 , th e  a ld eh y d e  (91) was
em ployed. I t  was hoped t h a t  t h i s  would a l lo w  th e  fo rm a tio n  o f
( 88) d i r e c t l y  i n  one p o t  ( s e e  Scheme 2 8 ) .
The a ld eh y d e  (91) was p re p a re d  a s  shown i n  Scheme 29 .
77The p y r r o l id in e  enam ine o f  cyclohexanone was t r e a t e d  w ith  
a l l y l  brom ide to  g iv e  2 -a lly lc y c lo h e x a n o n e  ( 89) .  The i . r .  
sp ec trum  showed a b s o rp t io n s  a t  1715 ( 0 = 0 )  and 1640 cmT^ (C = C) 
w h ile  th e r e  w ere s ig n a l s  i n  th e  n .m .r .  a t  & 1 .0 - 2 .8  (11H) and 
a t  S  4 .8  (1H 3 m ), 5 .O5 ( 1H 3 m) and 5 .7  ( 1H 5 m) ( o l e f i n i c
p r o to n s ) .  The mass spectrum  gave a  p a r e n t  io n  a t  m /e 138 .
P r o te c t io n  o f  th e  c a rb o n y l group fo llo w ed  by o z o n o ly s is  and 
d e co m p o sitio n  o f  th e  o zo n id e  r e s u l t e d  in  fo rm a tio n  o f  th e  a ld eh y d e  (91) .  
The i . r .  sp ec trum  showed a b s o rp tio n s  a t  173° cn1*^ (C = 0) and 2720 cm.^ 
(C-H s t r e t c h  o f  CHO) w h ile  th e  n .m .r .  spectrum  had s ig n a l s  a t  S  3*9 
(4H 3 m) ( a c e t a l )  and 6  9*66  ( a ld e h y d ic  p ro to n ) .  The r e a c t io n  o f  
p h th a l id e  w ith  t h i s  compound however f a i l e d  to  p roduce th e  r e q u ir e d  
t r i k e to n e  ( 88) .
In d a n -1 ,3 -d io n e  may a l s o  be  p re p a re d  u s in g  d im e th y l p h th a la te  
78
and e th y l  a c e t a t e  ( s e e  Scheme 30) • ^7  an a lo g y  i t  was hoped t h a t
th e  r e a c t io n  co u ld  be  ex ten d ed  t o  th e  p r e p a ra t io n  o f  ( 88) by u s in g
th e  a c e t a l  (94) o f  th e  k e t o - e s t e r  (93) ( se e  Scheme 31)*
To g a in  e x p e r ie n c e  i n  s e t t i n g  up and w orking up th e  r e a c t io n ,
th e  s y n th e s is  o f  th e  p a r e n t  compound (84) was t r i e d  f i r s t  a c c o rd in g
78
to  th e  p u b lish e d  p ro c e d u re . T h is  gave i n i t i a l l y  th e  s o d io -
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compound w hich h as  been  re p re s e n te d  a s  (9 2 ) .  The i . r .  sp ec trum  
o f  t h i s  compound (KBr d is c )  showed a b s o rp tio n s  a t  3700-2500  (3 4 0 0 ) ,
I 725,  1705 , I 69O, 1665 , 1630 and 1615 cm.^ and th e  n .m .r .  had 
s ig n a l s  a t  6  1 .4  (3H 3 t ) ,  4 .3  (2H ; q) due to  th e  e s t e r  f u n c t io n ,  
and 7 .5  (4H 3 m) due to  th e  a ro m a tic  p ro to n s . T rea tm e n t o f  ( 92)
0O c V > °  < 9 6 )
0O
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w ith  a c id  fu rn is h e d  th e  d io n e  (84) w hich  was in  a l l  r e s p e c t s  
(m .p .,  r a . s . ,  i . r . ,  and n .m .r . )  i d e n t i c a l  w ith  m a te r ia l  p re v io u s ly  
p re p a re d  from  p h th a l id e  ( 83) ( s e e  Scheme 25) .  I n  a d d i t io n ,  a 
sm a ll am ount o f  a  b ip ro d u c t ,  b iin d o n e  ( 96) ,  was o b ta in e d .  The 
i . r .  spec trum  o f  t h i s  compound showed a b s o rp t io n s  a t  17^5 >
1680 and 1615 cm.'*’ w h ile  th e  n .m .r .  spectrum  had s ig n a l s  a t  8  4 .1
(2H ; s) and 7 .7 - 8 .1  ( 8H j m ).
I n  o rd e r  to  a t te m p t th e  r e a c t io n  shown i n  Scheme 31 th e  
s y n th e s is  o f  compound (94) was n e x t  c a r r i e d  c u t  u s in g  th e  ro u te  
shown in  Scheme 32* The e s t e r  (93) was o b ta in e d  by th e  p u b lish e d  
p r o c e d u r e ^  ; r e f lu x in g  e th y l  a c r y l a t e  w ith  th e  p y r r o l id in e  enam ine 
o f  cy c lo h ex an o n e . The i . r .  showed a b s o rp t io n s  a t  1740 ( e s t e r  C = 0)
and 1720 cmT^ (k e to n e  C = 0 ) ,  w h ile  th e  n .m .r .  had s ig n a l s  a t  8  1 .2
(3H ; t )  and 4 .1  (2H 5 q) due to  th e  e s t e r  f u n c t io n .  P r o te c t io n  
o f  th e  k e to n e  in  th e  u s u a l  way gave (94) a s  a c l e a r  o i l  showing i . r .  
a b s o rp t io n  a t  1735 cm« ( e s t e r  C = 0) and th e  ab sen ce  o f  any f u r t h e r  
a b s o rp tio n  in  t h i s  re g io n  in d ic a te d  com plete  fo rm a tio n  o f  th e  a c e t a l  ( 9 4 ) .  
In  th e  n . m . r . ,  in  a d d i t io n  to  th e  s ig n a l s  a t  6  1 .2 5  (3H ; t )  and 
4 .1 5  (2H ; q ) ,  due to  th e  e s t e r  f u n c t io n ,  th e r e  was a  s ig n a l  a t  
8  4 .0  (4H 5 m) due to  th e  m ethy lene p ro to n s  o f  th e  a c e t a l  r i n g .
T h is  compound was now t r e a t e d  w ith  d im e th y l p h th a l& te  a t  
90-100°C . A f te r  c a .  5 m in u tes  a  deep brown c o lo u r  d ev e lo p ed  b u t  
w ith  o n ly  a  l i t t l e  f r o th in g  o f  th e  m ix tu re . A f te r  a p p ro x im a te ly  
30 m in u te s ,  how ever, th e  r e a c t io n  su d d en ly  became v e ry  v ig o ro u s  
w ith  some o f  th e  m ix tu re  f i l l i n g  a lm o s t h a l f  o f  th e  c o n d e n se r.
A t t h i s  p o in t  th e  r e a c t io n  was s to p p ed  and w crked -up . S e v e ra l 
p ro d u c ts  w ere o b ta in e d  b u t  none o f  them p ro v ed  to  be th e  d e s i r e d  
compound. The m a te r ia l  w hich was s o lu b le  i n  e th e r  p ro v ed  to  be a  
m ix tu re  o f  s t a r t i n g  m a te r ia ls  and some o th e r  p ro d u c t w hich was n o t
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i d e n t i f i e d .  The w a te r - s o lu b le  m a te r ia l  was found to  have a  m e ltin g
p o in t  i n  e x c e ss  o f  330 C and from i t s  n .m .r ,  spectrum  was c la s s e d
a s  in o r g a n ic .  A d d itio n  o f  h y d ro c h lo r ic  a c id  to  th e  aqueous
p h ase  caused  no p r e c i p i t a t i o n  end e th e r  e x t r a c t io n s  o f  t h i s
a c i d i f i e d  aqueous p hase  y ie ld e d  o n ly  a  t r a c e  o f  m a te r i a l .
As can be  seen  by com paring schemes 30 3^> r e a c t io n s
p ro cee d  a lo n g  s l i g h t l y  d i f f e r e n t  l i n e s  due to  th e  f a c t  t h a t  th e
e s t e r  (94) i n  Scheme JL has an R group o< to  th e  e s t e r  fu n c t io n  w h ich ,
o f  c o u rs e ,  i s  a b s e n t  in  th e  ca se  o f  th e  e th y l  a c e t a t e  u se d  in
Scheme 30« I t  v as  d e c id e d  to  r e p e a t  th e  r e a c t io n  w ith  a n o th e r
e s t e r  w hich d ees  have an R group o< to  th e  e s t e r  f u n c t io n .  A
l i t e r a t u r e  s e a rc h  r e v e a le d  t h a t  th e  r e a c t io n  had been  c a r r i e d  c u t
Q0
u s in g  e th y l  p ro p io n a te  in  p la c e  o f  e th y l  a c e t a t e  ( s e e  Scheme 3 3 )•
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T h is  r e a c t io n  was c a r r i e d  o u t  u s in g  th e  p r e s c r ib e d  p ro c e d u re
and th e  sodium s a l t  (97) v as  o b ta in e d  w hich , on t r e a tm e n t  w ith  a c id ,
gave th e  d io n e  (9 3 ) .  The i . r .  spec trum  had a b s o rp t io n s  a t  1755*
1720 and 1600 cm.^ w h ile  th e  n .m .r .  spectrum  showed s ig n a l s  a t
<5 1 .4  (3H ; d ) ,  & 3 .1  (1H ; q) and 6  8 .0  (4H 5 m ).
H aving su cceeded  in  t h i s  c a s e ,  th e  r e a c t io n  w ith  (94 ) was
r e p e a te d .  On t h i s  o c c a s io n  th e  r e a c t io n  d id  n o t  become v ig o ro u s
end th e  m ix tu re  was h e a te d  f o r  4 h o u rs . However, su b se q u e n t
w ork-up f a i l e d  to  g iv e  th e  re q u ire d  m a te r ia l .
A t t h i s  p o in t  i t  was f e l t  t h a t  a t te m p ts  to  p re p a re  th e
v in y lo g o u s - ^ - d ik e to n e  ( 75) had been  s u f f i c i e n t l y  e x p lo re d  and
t h a t  p e rh ap s  i t  would be more p r o f i t a b l e  to  c o n c e n tr a te  on f in d in g  a
way o f  u s in g  ( 70) to  p re p a re  a m acrocycle’ w ith o u t th e  in te rm e d ia c y  o f
( 75) .  One such  way i s  d e p ic te d  i n  scheme 3 4 . T h is  in v o lv e s  th e
81
fo rm a tio n  o f  a  la c to n e  by way o f  a  B a e y e r -V i l l ig e r  r e a c t io n .
I t  was e x p e c te d  t h a t  th e  t e t r a - s u b s t i t u t e d  d o u b le  bond w ould a l s o  
be e p o x id is e d  in  t h i s  r e a c t io n  to  g iv e  th e  e p o x y - la c to n e  ( 99) .
(99) (103)
OH
OEt
(104) (105)
(106) (107)
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T rea tm e n t o f  (99) w ith  a m e ta l h y d rid e  sh o u ld  g iv e  th e  tr ih y d ro x y  
compound (1 0 0 ) . D eh y d ra tio n  o f  th e  t e r t i a r y  a lc o h o l vrould r e i n s t a t e  
th e  d o u b le  bond a llo w in g  s e l e c t i v e  o x id a tio n  o f  th e  now a l l y l i c  
a lc o h o l  in  (101) to  g iv e  th e  k e to -a lc o h o l  (1 0 2 )•  T h is  
u n s a tu r a te d  k e to n e  would be a s u i t a b l e  in te rm e d ia te  on w hich to  
p erfo rm  th e  Eschenm oser r in g  fra g m e n ta tio n  r e a c t io n  ( s e e  In t ro d u c t io n  
to  P a r t  2 , p 6 l  )♦ I t  was hoped t h a t  in  th e  B a e y e r - V i l l ig e r  r e a c t io n  
seme s e l e c t i v i t y  would be e x h ib i te d  e n a b lin g  th e  fo rm a tio n  o f  
la c to n e  ( 99) r a t h e r  th a n  la c to n e  (103) .
The B a e y e r - V i l l ig e r  r e a c t io n  was t r i e d  i n i t i a l l y  u s in g  2 ,1  
e q u iv a le n ts  o f  m -c h lo ro p e rb e n z c ic  a c id  i n  ch lo ro fo rm . A f te r  
w ork-up , a n a l y t i c a l  t . l . c .  showed th e  p re se n c e  o f  s e v e r a l  compounds 
and th e  c ru d e  m a te r ia l  was chrom atographed  on s i l i c a  u s in g  30$ 
e th y l  a c e t a t e - l i g h t  p e tro leu m  as  e lu a n t .  The mass sp ec trum  o f  
th e  m a jo r p ro d u c t  had a  p a r e n t  io n  a t  m/e 286 a id  shewed a b s o rp tio n s  i n  
th e  i . r .  a t  35^0 and 1730 cm.^ The n .m .r .  spectrum  showed one 
ex ch an g eab le  p ro to n  a t  <T 3 *8 . (h y d ro x y l) and f u r t h e r  s ig n a l s  a t  
£  7 .4  (4H ; m) ( a ro m a t ic s ) ,  £  3*0 (2H ; q) and £  1 .1  (3H ; t ) .
The m a te r ia l  a n a ly se d  f o r  C^g 0 ^  and was i d e n t i f i e d  a s  th e  
compound (1 0 4 ) . The p re se n c e  o f  a  sm a ll amount o f  e th a n o l  in  
th e  ch lo ro fo rm  had a p p a re n t ly  opened th e  e p o x id e .
82The r e a c t io n  was re p e a te d  u s in g  p u r i f i e d  ch lo ro fo rm  and t h i s  
tim e  th e  m a jo r p ro d u c t had a b s o rp tio n s  i n  th e  i . r .  a t  1730 (C = 0 ) 
and 1610 cm7* (a ro m a tic  r in g )  w h ile  th e  n .m .r .  spec trum  showed 
s ig n a l s  a t  & 7 .2  (4H ; m) due to  th e  a ro m a tic  p ro to n s ,  and a t  
£ 3 .6  (2H 5 s) due to  th e  b e n z y lic  p ro to n s .  The m ass spectrum  
had a  p a r e n t  ic n  a t  m /e 240 and th e  m a te r ia l  a n a ly se d  f o r  °16  tLL6  °2  
w hich c o rre sp o n d s  t c  th e  epox ide  (10 5 )• The absence  o f  a  one 
p ro to n  s ig n a l  in  th e  n .m .r .  a t  c a . S  5 o r  $  6 e x c lu d e s  s t r u c t u r e  ( 106) 
o r  (1 0 7 ) . T here w ere s t i l l  s e v e r a l  b ip ro d u c ts  form ed in  th e
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r e a c t io n  and ag a in  th e re  vas no ev id en ce  f o r  th e  p re se n c e  o f  any 
e p o x y - la c to n e .
The r e a c t io n  was r e p e a te d  u s in g  m ethy lene c h lo r id e  as  s o lv e n t  
and gave e s s e n t i a l l y  th e  same r e s u l t s  w ith  2 . 1 , 3 5 e q u iv a le n ts
o f  m -c h lc ro p e rb e n z c ic  a c id .  In  a l l  c a se s  th e  epoxide  (105) 
v as  th e  m ajo r p ro d u c t. The y ie ld  o f  epox ide  v as  in c re a s e d  by
33 /
using a radical scavenger. The scavenger used vas 2,2 thiobis
84
(4 m ethy l 6 t . - b u ty l  ph en o l) (1 0 8 ) . The s o lv e n t  chosen  v as  e th y le n e  
d ic h lo r id e  and a l l  su b se q u en t r e a c t io n s  w ith  t h i s  p e ra c id  w ere done 
in  t h i s  s o lv e n t .  Use o f  th e s e  c o n d i t io n s  s i g n i f i c a n t l y  red u ced
85
th e  amount o f  b ip r c d u c ts  form ed in  th e  r e a c t io n  b u t  s t i l l  
no e p o x y - la c to n e  (99) o r  (103) co u ld  be o b ta in e d .  The u se  o f  
p e r a c e t i c  a c id  gave s im i la r  r e s u l t s  to  th o s e  d is c u s s e d  above f o r  
m -c h lo ro p e rb e n z o ic  a c id .
U nable to  o b ta in  a b r id g in g  la c to n e  g ro u p , i t  v a s  f e l t  t h a t  
a b r id g in g  la c ta m  group m igh t s e rv e  th e  same p u rp o se . T h a t i s ,
i f  compound ( 110) co u ld  be p re p a re d  from th e  tcetcne ( 70) by vay
86 , , .
o f  a Beckmann re a rra n g e m e n t o f  th e  oxime (109) > i t  sh o u ld  be
p o s s ib le  to  p re p a re  a m acrocycle  by th e  ro u te  shown in  scheme 35 - 
T h is  in v o lv e s  c le a v a g e  o f  th e  la c ta m  (110) to  th e  am in o -ac id  ( i l l )  
o r  some d e r iv a t iv e  th e r e o f ,  and co n v e rs io n  c f  th e  am ine fu n c t io n  to  
a k e to n e  fu n c t io n .  T h is  would g e n e ra te  th e  d e s i r e d  ,  & — 
u n s a tu ra te d  k e to n e  n e c e s s a ry  f o r  th e  Eschenm oser r e a c t io n .  I t  
was e x p ec ted  t h a t  b o th  oxim es (109) snd ( 113) would be p roduced  from 
th e  k e to n e  ( 70) b u t ,  a s  shown in  scheme oxirae ( 109) would g iv e  
la c ta m  (110) w h ile  oxime (113) would g iv e  la c ta m  (1 1 4 ) .  I t  was 
hoped t h a t  a s e p a r a t io n  would be p o s s ib le  a t  e i t h e r  th e  oxime o r  
la c ta m  s ta g e  in  th e  s y n th e s is .
R e f lu x in g  ( 70) w ith  b ase  and hydroxy lam ine h y d ro c h lo r id e  
y ie ld e d  a  p ro d u c t  homogeneous on t . l . c .  when e th y l  a c e ta t e  was u sed
Compound I3 C (p .p .m . ) o f  cx - c a rb o n s .
K etone (70) 46 .055 and 44.881
Oxime I 55.436 and 28.997
Oxime 2 36.306 and 27.993
-
T ab le  I
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a s  e lu a n t .  However, w ith  ^0% e th y l  a c e ta te  -  l i g h t  p e tro leu m , 
two s p o ts  w ere v i s i b l e  when th e  p la t e  was t r e a t e d  w ith  io d in e  
v ap o u r. A f te r  s e p a ra t io n  by p r e p a r a t iv e  t . l . c . ,  b o th  compounds 
gave a p a r e n t  ic n  in  th e  mass spectrum  a t  m/e 239 b o th  compounds 
a n a ly se d  f o r  H 0 ^ . The i . r .  and n .m .r .  s p e c t r a  o f  th e
compounds w ere d i f f e r e n t ,  how ever. These m ust be th e  tvrc cxim es 
and i t  i s  c o n v e n ie n t a t  t h i s  s ta g e  to  d e s ig n a te  them as  oxime 1 
( lo w e r s p o t  cn t . l . c . )  and cxime 2 (u p p er s p o t on t . l . c . ) .
Oxime 1 showed a b s o rp tio n s  in  th e  i . r .  a t  3&.5 cm.^* (OH s t r e t c h ) ,
3560-2600 ( 3 2 5 0 ), 1745, 1670 (C = N s t r e t c h ) ,  1630 and
1605. cm.'*’ (C = C) while the n.m.r. had signals at £ 6.9-7*5
(4H ; m ), 4 .6  (lH  ; m ), 3*2 (2H ; s ) . Oxime 2 shewed a b s o rp tio n s
in  th e  i . r .  a t  3615 cm?1 (OH s t r e t c h ) ,  3550-2500 ( 3280) ,  1740,
1720, 1670 (C = N s t r e t c h ) ,  1630 and 1615 cm?1 (C = C) w h ile
th e  n .m .r .  had s ig n a l s  a t  S  7 . 6 - 6 .9  (4H ; m ), 3*9 (lH  ; m),
3 .8  (1H ; m) and 3 .2  (2H ; s ) .
I n  13C n .m .r .  th e  carbon  re so n a n c e s  o f  a id e -  and k e tc -c x im e s
(/G. = N-0H) a p p ea r in  th e  r e g io n  I 45- I 63 p .p .m . ,  such  re so n a n c e s
b e in g  some 50 p .p .m . to  h ig h e r  f i e l d  r e l a t i v e  to  th e  c o rre sp o n d in g
c a rb o n y l re s o n a n c e s . When th e  s u b s t i t u t i o n  i s  a sy m m etric a l,
d i f f e r e n c e s  in  th e  oxime carbon  chem ica l s h i f t  a re  o b se rv ed
depend ing  upon th e  c o n fo rm a tio n 'o f  th e  oxime N-0H m o ie ty . Such
conformational isomerism also has a profound effect on the chemical
s h i f t  o f  th e  c* -c a rb o n . I t  was hoped t h a t  t h i s  l a t t e r  e f f e c t
would a llo w  an i d e n t i f i c a t i o n  o f  th e  oxim es. The te c h n iq u e  works
37
w e ll  in  th e  s im p le  example o f  th e  oximes o f  b u ta n -2—one.
13
C n .m .r .  s p e c t r a  were o b ta in e d  f o r  th e  k e to n e  (70) and i t s  two 
oxim es (109) (H 3 )  ( s e e  T ab le  1 ) .  U n fo r tu n a te ly ,  a s  may be
seen  .from t h i s  t a b l e ,  th e  chem ica l s h i f t s  o f  th e  c< -c a rb o n s  a r e  
q u i t e  s im i la r  in  e l l  th r e e  compounds and no p r e c i s e  a ss ig n m en t o f  th e
T a b le  2
Lactam I
c a lc u la te d  o b serv ed
Lactam 2
c a l c u la te d  o b se rv e d
NH-C-H 3 .44
CO-C-H 3.61
(1 1 4 )
and th e r e f o r e ,
Oxime I
(113)
3.65
3 .9 7
OH
NH-C-H 4 .2 9
CO-C-H 2 .7 6
(110)
and th e r e f o r e ,
Oxime 2
(109)
4 .4
o b sc u re d
OH
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chem ica l s h i f t s  to  in d iv id u a l  carbon  atom s cou ld  be made. As a 
r e s u l t ,  i t  was n o t  p o s s ib le  to  a s s ig n  s te re o c h e m ic a l s t r u c tu r e s  to  th e  
two oxim es.
S t i l l  u n c e r ta in  o f  th e  i d e n t i t y  o f  th e  two oxim es, b o th  w ere
s e p a r a t e ly  c o n v e rte d  by th e  u se  o f  t c s y l  c h lo r id e /p y r id in e
(Beckmann rea rran g e m en t) to  th e  iso m e ric  la c tam s  (110) end (1 1 4 ) .
A t t h i s  s ta g e ,  o f  c o u rs e , th e  i d e n t i t y  o f  each la c ta m  was s t i l l
unknown and i t  i s  c o n v e n ie n t a t  t h i s  s ta g e  to  d e s ig n a te  them as
la c ta m  1 (d e r iv e d  from oxime l )  and la c ta m  2 (d e r iv e d  from cxirne 2 ) .
B oth la c ta m s  had i d e n t i c a l  Rf v a lu e s  on t . l . c .  in  a v a r i e ty  o f
s o lv e n t  sy stem s. B oth had a p a r e n t  io n  i n  th e  mass spectrum  a t
m/e 239> and b o th  a n a ly se d  f o r  C - H N O .  As in  th e  c a se  o f
16  17  1 1
1
th e  oxim es th o u g h , th e  two la c ta m s  gave d i f f e r e n t  i . r . ,  H n .m .r .  
and C n .m .r .  s p e c t r a .  Lactam 1 showed a b s o rp tio n s  in  th e  i . r .  a t  
3300 (NH s t r e t c h ) ,  3210, I 06O ("am ide I  band”) and 1605 cm. (C = C) 
w h ile  th e  n .m .r .  had s ig n a l s  a t  £  ( 5H J m) > a s s ig n e d  a s
th e  a ro m a tic  p ro to n s  p lu s  th e  N-H p ro to n , 4 .0  (lH  ; m) 3*7 (lH  ; rn) 
and 3*3 (2H ; s) due to  th e  .indene m ethy lene p ro to n s .  Lactam 2 
showed a b s o rp tio n s  in  th e  i . r .  a t  33^0 (NH s t r e t c h ) ,  3^05 
I 60O cm."*’ ("am ide I  b a n d " ) , w h ile  th e  H n .m .r .  had s ig n a l s  a t  
& 7 . 6- 6 .9  ( 5H, m) a s s ig n e d  to  th e  a ro m a tic  p ro to n s  p lu s  th e  
N-H p ro to n , 4 .4  (lH  ; m) and 3*3 (2H J s) due to  th e  indene 
m e thy lene  p ro to n s .
In  th e  "*"H n .m .r .  s p e c t r a  o f  th e  two la c tc m s , c a lc u la te d  v a lu e s  
f o r  th e  p ro to n s  <X to  -NH and <X to  -  C = 0 were o b ta in e d  u s in g
88 89
S c h o c le ry ’ s r u l e s .  9 Comparison o f  th e s e  w ith  e x p e r im e n ta lly  
o b ta in e d  v a lu e s  ( s e e  T ab le  2) en ab led  an ass ig n m en t o f  c o n f ig u ra t io n  
to  be made f o r  each  la c ta m , and th e r e f o r e  f o r  each  oxim e, assum ing 
th e  a c c e p te d  mechanism o f  th e  Beckmann re a rra n g e m e n t. The S  v a lu e s  
o f  th e  two m eth ine  p ro to n s ,  and t h e i r  r e l a t i v e  ch em ica l s h i f t s
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i d e n t i f y  th e  la c ta m s  snd th e r e f o r e  th e  oxim es as  th e  s t r u c tu r e s  
shewn in  th e  t a b l e .  In  each  ca se  th e  NH-C-H s ig n a l s  cou ld  be 
i d e n t i f i e d  by i t s  sh a rp e n in g  vhen th e  N-H p ro to n  was r e p la c e d  by 
d eu te riu m  on a d d i t io n  o f  a sm a ll amount o f  DpO to  th e  sam ple.
C o n firm a tio n  o f  th e  ass ig n m e n t was o b ta in e d  by i r r a d i a t i o n  c f  
th e  NH-C-_H s ig n a l  in  each  la c ta m . In  la c ta m  1 , t h i s  s im p l i f ie d
th e  2H a l l y l l c  r a u l t ip l e t  a t  £  3*3 w hereas in  la c ta m  2 th e  2H 
a l l y l i c  m u l t ip l e t  a t  & 3*3 v as  unchanged. Hence, la c ta m  1 i s  
(114) and la c ta m  2 i s  (1 1 0 ) .
I t  was d is c o v e re d  t h a t  i f  e i t h e r  oxime w ere re f lu x e d  in  
ch lo ro fo rm  o v e rn ig h t  th e  s o lu t io n  o b ta in e d  th en  c o n ta in e d  b o th  
oxim es. T h is  e q u i l i b r a t i o n ,  f a r  from b e in g  a d is a d v a n ta g e , p roved  
to  be h ig h ly  ad v an tag eo u s , f o r  a f t e r  s e p a ra t io n  o f  th e  oxim es th e  
"w rong” iso m er co u ld  be r e - e q u i l i b r a t e d  to  p roduce f u r t h e r  am ounts 
o f  th e  d e s i r e d  oxim e. T h is  m eant t h a t ,  in  e f f e c t ,  v i r t u a l l y  a l l  
o f  th e  k e to n e  ( 70) cou ld  be tra n s fo rm e d  in to  e i t h e r  th e  la c ta m  ( 110) 
o r  la c ta m  (1 1 4 ) , as  r e q u ir e d .
E q u i l ib r a t io n  o f  th e  oxim es a ls o  ta k e s  p la c e  i f  th e  Beckmann
re a rra n g e m e n t i s  c a r r i e d  c u t  by p o ly -p h o sp h o ric  a c id  (PPA) a t  80°C ,
f o r  th e  s e p a r a te  oxim es each  g iv e  a m ix tu re  o f  la c ta m s . I t  was
p o s s ib le  to  c o n v e r t  each  oxime to  a s in g le  la c ta m  u s in g  th e  PPA
a t  room te m p e ra tu re  b u t  th e  u se  o f  t h i s  r e a g e n t  a t  te m p e ra tu re s
l e s s  th a n  80°C i s  tro u b le so m e . R ep lac in g  PPA by phosphorous
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p e n to x id e /m e th a n e su lp h o n ic  a c id  ( l  : 10) a ls o  r e s u l t e d  in  th e  
fo rm a tio n  o f  b o th  la c ta m s  from th e  s in g le  oxim es when th e  r e a c t io n  
was c a r r i e d  o u t  a t  110°C. I t  was p o s s ib le  th o u g h , a s  b e f o r e ,  
to  c o n v e r t  e ach  oxime o n ly  to  i t s  c o rre sp o d in g  la c ta m  i f  th e  
r e a c t io n  was c a r r i e d  c u t  a t  room te m p e ra tu re . I n  th e  l i g h t  c f  
th e s e  r e s u l t s  i t  was d ec id ed  to  u se  th e  method o r i g i n a l l y  chosen 
(T sC l/p y ) to  e f f e c t  th e  Beckmann rea rra n g e m e n t i n  8l l  su b se q u e n t
Schem e 37
(116)
* Et02C(CH2)5NHC02Et
(a)
(118)
OEtOEt
( b )
(117)
Scheme 38
REAGENTS : i) NaH, C0(0Et)2
ii) Ef3 0  BF4. (Meerwein's reagent)
iii) ClC02Et
(120)( 1 1 4 )
c r
O E t
(119)
Scheme 39
REAGENTS • i) NaH, C0(0Et)2
iiL Et30+BF^ (Meerwein's reagent)  
i i i ) ClC02Et
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preparations of the lactams.
Having obtained lactam (110), a method of opening the
-NH-CO- bridge to give the tricyclic compound (ill) vas required
and there appeared to be several possible ways cf doing this.
The first method to be tried involved the use of PCl^/pyridine/
91
methanol and was attempted initially using the lactam (114)
(scheme 37) which had been prepared and was now cf no further use 
in the synthetic approach to the macrocycle. This reaction 
failed to produce any identifiable product and it was decided that 
it would be prudent to investigate the various possible methods of 
cleaving the lactam bridge using a model compound such as caprolactam, 
which is readily available. It is notable that the attempt to 
prepare the amino-ester (116) from caprolactam using the PCl^/ 
pyridine/methanol^ route failed.
The cleavage of the carbon-nitrogen bond in caprolactam has
92
been accomplished by way of two methods which are in the literature 
(see Scheme 38). Using the published procedures, it was possible 
to prepare the urethane-ester (ll8) by both routes (a) and (b) 
shown. An attempt to prepare urethan e-ester (120) from lactam (114) 
vas made using both routes (a) and (b) shown in scheme 39 but in 
both cases only starting material was recovered after work-up of the 
reactions.
At this point it was decided that the cleavage of the lactam 
bridge of (110) and subsequent experimentation that no doubt would 
be needed to convert this product into an <*,(& -unsaturated ketone 
would probably require more material than could conveniently be made 
available. A suitable, readily available analogue was sought, 
therefore, on which to perform all of the initial experiments 
until a successful route through to the p -unsaturated ketone 
could be found. The successful reactions would then be applied to
( 121)
OH
(123) (122)
Scheme 4 0
(125) (126)
(129)
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the lactam (110). The analogue chosen was compound (124) and it 
was proposed to prepare this molecule using the route shown in
93
scheme 40. The ketone (122) was prepared as published and 
furnished spectra and a derivative which identified it as (122)•
A little of compound (125) was also isolated from the reaction.
Before proceeding to the preparation of the oxime (123) ^  
was decided to attempt the Baeyer-Villiger reaction using this 
compound (122)• Under a variety of conditions, peracid oxidation 
led only to the epoxide (126) with no evidence for the formation 
of any epoxy-lactone (127) o r  (128). The mass spectrum of 
(126) had a parent ion at m/e 206 and the compound analysed for 
0^* The i.r. spectrum showed absorptions at 1740 and 
1725 cm.^ (C = 0 stretch), while the n.m.r. spectrum had an 
"envelope” at 1.2-2.8. As in the previous case,(p70) , the 
absence of a 1H signal at ca. £  ^ o r  S  6  excludes structure (129) 
or (130).
Refluxing (122) with base and hydroxylamine hydrochloride 
resulted in the formation of a product which differed from 
starting material on analytical t.l.c. However, in a variety cf 
solvent systems, only one spot could be detected on the plate.
The product showed a parent ion in the mass spectrum at m/e 205 
analysed for 0^. The n.m.r. spectrum showed signals at
S 3*5 (1H ; m) and 2.8-1 .0 (large envelope) while the i.r. spectrum 
had absorptions at 36IO (OH stretch), 3^30, 1670 (C = N stretch) end 
I58O cm.^ These data are consistent with structure (123) and 
apparently only one isomer is formed.
Treatment of the product from the above reaction with TsCl/ 
pyridine at room temperature produced a material which again was 
homogeneous on analytical t.l.c. but different from starting 
material. The product had a parent ion in the mass spectrum at
(132)
(130
(114) (110)
(137)
(b)
OEt
(13 6)
Scheme 41
REAGENTS : i) NaH , C0|0Et)2
ii) E^O^BF/jT (Meerwein’s reagent) 
iii) CtC02Et
T a b le  3
Lactam (132) 
calculated
Lactam (124) 
calculated observed
NH-C-H 3.44 
CO-C-H 3.61
(132)
OH
(131)
NH-C-H 4.29 
CO-C-H 2.76
(124)
OC/^ 0H
(123)
3.0
3.5
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m/e 205 end analysed for 0^. The i.r. spectrum showed
absorptions at 3425, 33IO (NH stretch), 3210, 3100 and 1670 cm. 1
("amide I band"), while the n.m.r. spectrum had signals at S  7*1
(1H ; s) assigned to the -N-H proton, 3*5 (1H ; m) and 3*0 (1H ; m)•
13
The C n.m.r. spectrum showed the presence cf only thirteen carbon 
resonances indicating that only one lactam had been produced in the 
reaction end confirming the suspicion that only one oxime had been 
formed from the ketone (122). Using n.m.r. in a manner similar to 
that used in the case of lactams (110) and (114) (see P.73), this 
lactam was identified as having the structure (132) (see Table 3)• 
Assuming the normal trans-migration mechanism in the Beckmann rearrange­
ment this means that only oxime (131) vas produced from the ketone (122) 
with the complete absence of any (123).
The aim had been to produce lactam (124) and use this compound as 
a model for lactam (110). Instead, the preparation had led tc the 
isolation of the isomeric lactam (132). However, this compound is 
useful since either lactam (110) or (114) may be synthesised as required. 
The strategy to be followed now was to investigate the cleavage of the 
carbon-nitrogen bond of lactam (132) to give the amino-acid (133) > 
or some derivative thereof. This compound could then be used to give 
either ketone (134) or ketone (135), after suitable manipulations on 
the carboxyl or amine functionalities respectively. Depending on the 
outcome cf the above, either lactam (114) or (110) would be used for 
the rest of the synthesis.
The first attempts tc open the lactam bridge of (132) were made
using the two methods which had been successful in the case of 
92caprolactam (see Scheme 41). In both cases it wa.3 possible tc 
isolate only unreacted starting material from the reactions.
Cope^ has successfully employed HC1 tc prepare amino-acid 
hydrochlorides from lactams. Using this method, lactam (132) was
(132)
c o 2h
(133)
NH2.HCl
c o2h
(138)
C 02Me
(139)
^ ^ ^ C 0 2(CH2)g
(140)
-78-
refluxed in a mixture cf ccnc. HCl/vater (2:3) f°r 24 hours.
Careful neutralisation produced a turbidity in the solution but no
precipitation end the free amino-a.cid had to be isolated using
94
ion-exchange chromatography. After preparation of the column,
the aqueous solution cf the amino-acid hydrochloride (13$) vas passed
through the column and the neutral solution collected and evaporated
to dryness. The high-melting solid shoved a broad absorption at
& 0.8-4.2 in the n.m.r. spectrum (D^O) while the i.r. spectrum
(KBr disc) shoved absorptions at 3^00, I65O and 1130 cm.'*’ This
appears to identify the product as (133)»
It vas decided to attempt to make a suitable derivative of (133)
to identify the product and the most obvious derivative to prepare
vas the smino-ester (139)• After hydrolysis of the lactam (132)
vith HCI/H2O, diazomethane vas bubbled into the reaction mixture.
It vas expected that the HC1 present would react first vith the
C ^  2fter which the amino-ester (139) would be produced. After
extraction into chloroform, analytical t.l.c. shoved the presence cf one
main spot and three other minor spots. Preparative t.l.c. on silica
vith 10% methanol/chloroform as eluant allowed isolation of the main
product as a clear viscous oil, and the i.r. spectrum shoved an
-1
absorption at 1730 cm. However, comparison vith an authentic 
specimen cf (140) proved that the compound isolated was in fact a 
plastisciser (dinonyl phthala.te) which must have been leached cut 
from the plastic tubing used in the experiment. Dispensing vith the 
plastic tubing and using instead a long glass tube, the experiment vas 
repeated. This time, after extraction of the crude product into 
chloroform, analytical t.l.c. shoved one main spot and several ether 
minor spots. Isolation of the major product gave an oil which shoved 
absorptions at 1730 and 1670 cm7i in the i.r. The n.m.r. spectrum
c o 2h
(133)
n h2.hci
c o2h
C02Me
( K l )
OH
(138)
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v as n o t in fo rm a tiv e ,  h av ing  l i t t l e  f in e  s t r u c tu r e * .  A f te r  a  day o r
tw o, th e  sam ple vas ag a in  examined s p e c t r o s c o p ic a l ly  and gave i . r .
and n .m .r .  sp ec tra , i d e n t i c a l  tc  t h a t  o b ta in e d  f o r  th e  la c ta m  ( 132) .
95The u se  c f  m ethano l and th ic n y l  c h lo r id e  i s  recommended
for the esterificaticn of aminc-acids so the free amino-acid 033) was
c
t r e a t e d  v i t h  such  a m ix tu re  a t  0 C. The te m p e ra tu re  was th en
r a i s e d  t c  40°C and t h i s  te m p e ra tu re  m a in ta in e d  f o r  2 h o u rs .  T h is
sh o u ld  have produced  th e  a m in o -e s te r  h y d ro c h lo r id e  (1 4 1 ) .  C a re fu l
neutralisation with sodium bicarbonate yielded a product which could
be e x t r a c te d  in t o  c h lo ro fo rm . The n .m .r .  spec trum  was v e ry  b re a d
showing a l a r g e  "en v e lo p e"  a t  S 0 .3 -3 .0  and a s ig n a l  a t  £  8 .4 .  The
-1
i . r .  spec tru m  showed an a b s o rp tio n  a t  1730 C2t* but a l s o  a broad  
a b s o rp tio n  at 3500-2500 cm. The m a te r ia l  co u ld  n o t  b e  p u r i f i e d  by 
ch rom atography  and co n se q u e n tly  b e t t e r  s p e c tr a  c o u ld  n e t  b e  o b ta in e d  
and no s t r u c t u r e  can be a s s ig n e d  tc  t h i s  r e a c t io n  p ro d u c t .
I t  vas  now d ec id ed  tc  c o n c e n tra te  on th e  am ine f u n c t io n .  A tte m p ts  
to  d ia s c + is e  th e  f-m inc-acid h y d ro c h lo r id e  ( l j 8) u s in g  NaNO^HCl a t  
low  te m p e ra tu re  in  an a t te m p t to  p re p a re  th e  h y d rc x y -a c id  (142) 
r e s u l t e d  in  th e  fo rm a tio n  o f  many d i f f e r e n t  p ro d u c ts  a s  in d i c a te d  by 
a n a l y t i c a l  t . l . c .  However, p r e p a r a t iv e  t . l . c .  l e d  to  th e  i s o l a t i o n  
o f  a c o lo u r le s s  o i l  w hich was e x t r a c te d  in to  c h lo ro fo rm . I t  was 
p o s s ib le  to  ta k e  up t h i s  m a te r ia l  d i l u t e  sodium h y d ro x id e  and r e ­
p r e c i p i t a t e  i t  by th e  a d d i t io n  o f  d i l u t e  h y d ro c h lo r ic  a c i d .  The i . r .
spec trum  showed a b s o rp tio n s  a t  ^6 0 0 , 35^ ~ 2500, 175^* 17^-0 en(^
1650 cm7~ w h ile  th e  n .m .r .  spectrum  had s ig n a l s  a t  S  1 . 0- 3 *0 ,  3*7 
6 .4 .  T h is  l a t t e r  s ig n a l  d is a p p e a re d  on a d d i t io n  c f  a  sm a ll  am ount 
o f  D^0 t c  th e  sam ple. T here were no s ig n a l s  to  lo w er f i e l d .  The 
mass spec trum  had a p a r e n t  io n  a t  ra/e 206 v i t h  th e  p re s e n c e  c f  sm a ll 
s ig n a l s  h ig h e r  th a n  t h i s ,  in c lu d in g  one a t  m /e 224. The m a te r ia l
c o 2h
(14-3 )
c o 2H
(144)
Scheme 4 2
Bu OCL
KOMe
(148)
Schem e 4 3
N=0
l ^ >  .
R-N-C-R [ R-N=N-0-C -R ']
R-O-C-R'
RX
O lef in s
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c c u ld  n e t  be p u r i f i e d  s u f f i c i e n t l y  f o r  £ m i c r c s n a l y s i s  t c  be o b t a i n e d ,  
m d  th e  s p e c t r s  e r e  c o n f u s i n g .  B oth  s t r u c t u r e s  ( I 4 j )  and (144) 
c c u ld  f i t  t h e  mass s p e c t ru m .  The f a c t  t h a t  th e  p a r e n t  i c n  i n  t h e  
mass s p e c t ru m  i s  even shows t h e  l a c k  o f  n i t r o g e n  i n  t h e  compound.
However th e  e x c h a n g e a b le  p r o to n  a t  £  6 .4  i s  i n  an u n u s u a l  p o s i t i o n  
f o r  a c a r o c x y l i c  -OH and i s  mors s u g g e s t i v e  c f  an a l c o h o l i c  -OH g ro u p .  
Y e t  th e  m a t e r i a l  i s  s o l u b l e  i n  b a s e .  A ls o ,  t h e r e  a r e  no o l e f i n i c  
p r o t o n s  v i s i b l e  i n  t h e  n . m . r .  s p e c t ru m .  I f  th e  r e a l  p a r e n t  i c n  i n  
t h e  mass s p e c t ru m  i s  i n  f a c t  a t  m /e 224 , th e n  th e  p r o d u c t  c c u ld  be t h e  
h y d r o x y - a c id  ( 1 4 2 ) .
An a t te m p t v as  made t c  p re p a re  th e  k e tc - s c id  (147) d i r e c t l y  from
th e  am in c -ac id  (133) ( r a t h e r  th a n  v ia  th e  h y d ro x y -sc id  (142 )) by th e
96 ,
t - b u t y l  h y p o c h lo r i te  r o u te  shown in  scheme 42. The am in o -ac id  (133)
o ‘ 9‘
vas added a t  0 C tc  a s o lu t io n  o f  f r e s h ly  p rep a red  t^ b u ty l  h y p o c h lo r i te
and th e n  th e  m ix tu re  allow ed  to  come to  room te m p e ra tu re . However,
a f t e r  t r e a tm e n t  w ith  b a s e  fo llo w ed  by a d d i t io n  c f  w a te r ,  i t  was n e t
p o s s ib le  to  i s o l a t e  any i d e n t i f i a b l e  p ro d u c t from t h i s  r e a c t io n .
I t  was n o te d  t h a t  th e  la c ta m  (132) would d is s o lv e  in  b o i l in g
h y d ro c h lo r ic  a c id  w ith in  ca 5 m in u te s . Upon add ing  NsNC^ t-0 bhe
co o led  s o lu t io n  a y e llo w  p r e c i p i t a t e  was formed w hich co u ld  be e x t r a c te d
in t o  e t h e r .  T h is  m a te r i a l ,  as form ed, was very  p u re  and was
i d e n t i f i e d  a s  th e  N -n itro s o la c ta m  (1 4 3 ). I t  m ust be assumed t h a t  th e
la c ta m  i s  refo rm ed  d u r in g  th e  co u rse  c f  th e  r e a c t io n .  The n .m .r .
showed s ig n a l s  a t  S  1 .0 -3 * 1  (l6H  ; m), 3*4 (1H ; m) and 5*3 J m)
-1  .
w h ile  th e  i . r .  spectrum  showed an a b s o rp tio n  a t  173^ cm* (C = 0 
s t r e t c h )  and 1520 cra.^ (N-NO s t r e t c h ) .  The mass spec tru m  had a 
p a r e n t  io n  a t  m/e 234 and th e  compound gave an a c c u ra te  mass m easurem ent 
f o r  C i y  N2 0 2 .
98F rag m en ta tio n  c f  N -n itro sc a m id e s  has  been accom plished  b o th  by 
th e rm o ly s is  and by tre a tm e n t w ith  b ase  ( s e e  schemes 43 and 4 4 ) . The
Schem e 4- 4-
N=0
R-N-C-R
0
R-N=N-0
I
r- n^N\ >
0
* » , 
+ ROCR
\v
Products«— R<-ypRN==NOH —0uv > R=N0
‘^ 2
C02Me
(149 )
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N -n itr c s o la c ta m  (148) was r e f lu x e d  in  benzene and th e n  i n  x y le n e .
In  b o th  c a se s  i t  was re c o v e re d  unchanged from th e  r e a c t io n  s o lu t i o n s .
T rea tm en t o f  (140) w ith  30% m e th a n o lic  KOH, how ever, d id  p roduce  a
p ro d u c t w hich was s o lu b le  in  b a s e . The n .m .r .  showed s ig n a l s  a t
6  1 . 2- 2 . 8 , 5*7 and a b ro ad  exch an g eab le  s ig n s l  a t  S  8 . 0 , w h ile  th e
-1
i . r .  spec trum  had a b s o rp tio n s  a t  35^0- 2300, 1770 , 1730 and  1700 cm.
The mass spec trum  had a  p a r e n t  io n  a t  206. T h is  seems to  be a  m ix tu re  
o f  o l e f i n - a c i d  and la c to n e .
E s t e r i f i c a t i o n  w ith  d iazom ethane y ie ld e d ,  a f t e r  p r e p a r a t iv e  t . l . c .  
a c o lo u r le s s  o i l  w hich showed an a b s o rp tio n  a t  1730 cm.'** in  th e  i . r .  
and s ig n a l s  a t  €  1 .0 - 2 .6  and 3*7 (3 ^  > s ) i-n th e  n .m .r .  A t 90 MHz., 
how ever, t h i s  s ig n a l  a t  £  3*7 w hich had been a s s ig n e d  a s  th e  m e th y l 
p ro to n s  o f  th e  m ethyl e s t e r  was shown to  c o n s i s t  o f  a t  l e a s t  fo u r  
sh a rp  s ig n a l s .  T h is  s u g g e s ts  t h a t  th e  p ro d u c t o b ta in e d  a c t u a l l y  
c o n s i s t s  o f  a  m ix tu re  o f  c lo s e ly  r e l a t e d  compounds.
In  c o n c lu s io n , a t te m p ts  to  p re p a re  a m acrocycle  v ia  r in g  
a n n u la t ic n - s c i s s io n  r e a c t io n s  have been f r u s t r a t e d  a t  s e v e r a l  s ta g e s  
i n  th e  p ro p o sed  s y n th e s i s .  T here were u n ex p ec ted  d i f f i c u l t i e s  e n c o u n te re d  
in  th e  o x id a t io n  o f  ( 70) to  th e  v in y lo g o u s  f i  - d ik e tc n e  ( 75) and l a t e r  
on , in  p e rfo rm in g  a B a e y e r -V i l l ig e r  o x id a tio n  o f  ( 7 0 ) .  H aving 
o b ta in e d  th e  la c ta m s , a t te m p ts  to  c le a v e  th e  c a rb o n -n i tr c g e n  l in k a g e  
w ere b e d e v i l le d  by  f a c i l e  r e c y c l i s a t i o n  r e a c t io n s  and m o le c u la r  
re a r ra n g e m e n ts . Much more work would be n e c e s s a ry  to  f in d  a  r e l i a b l e  
ro u te  from  th e  la c ta m s  to  th e  m acro cy c le .
PART 2 
EXPERIMENTAL
- 8 2 -
Indan-l-one (66)
6l
The method o f  Facaud and A lle n  was used  to  p re p a re  ( 66) in  
62% y i e ld  ; m .p. 39-41°C ( l i t . ^  m .p. 39-41 C ), i . r .  1720*9 * mcix #
1610 and 1590 croT1
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2 -(N tN -d im e th y la m in c m e th y l-in d a n -l-c n e  h y d ro c h lo r id e  ( 67)
In d a n - l- c n e  ( 66) (50 g . , O.38  m o le ) , p a ra fo rm aldehyde  (25 g . ,
0 .83  mole) and d im ethy lam ine h y d ro c h lo r id e  (38  g . , 0 .4 6  mole) in  
a b s o lu te  e th a n o l ( 25O m l.)  and c o n c e n tra te d  h y d ro c h lo r ic  a c id  (6  m l.)  
w ere re f lu x e d  f o r  2 h o u rs , co o led  and poured  in t o  AnalaR ace to n e
( l  l i t r e ) , .  The s o lu t io n  was co o led  o v e rn ig h t ,  and th e  amorphous 
w h ite  s o l i d  c o l l e c t e d .  The m other l i q u o r  was c o n c e n tra te d  and poured  
in to  a c e to n e  to  y ie ld  f u r th e r  w h ite  s o l id .  The t o t a l  y ie ld  o f  crude  
p ro d u c t was 95 6 * t h i s  was r e c r y s t a l l i s e d  from a b s o lu te  e th a n o l /  
a c e to n e  ( l  : 4) to  y i e ld  2- (N ,N -d im e th y l-a m in c m e th y l)- in d a n -l-o n e  
hydroc111c r id e  ( 67) (5^*5 S* t 0*25 mc^ e * 66$ ) ,  m .p. 145-143 C ;
1 . r .  V* KBr 3630-3100, 3020 , 2980, 2960, 2780- 2300, 1710 , 1610 and 
1585 cmT^ ; n .m .r .  (D2O) $  3*1 ( 6H j s) and 7 * 3 - 8 .0 . (4H ; ra).
2-(N.N-dinethvlaminomethvl)-inden-l-one (68)
The M annich b ase  h y d ro c h lo r id e  ( 67) (9 g* > 40 m.mcle) was d is s o lv e d  
in  a minimum sm cunt c f  w a te r  (4 m l.)  end 0 .8 8  ammonia ( l  m l.)  was ad d ed . 
A w h ite  p r e c i p i t a t e  formed im m ed ia te ly . The m ix tu re  was s a tu r a te d  w ith
99sodium c h lo r id e  and e x t r a c te d  w ith  e th e r .  T h is  y ie ld e d  th e  crude  
K ennich b a s e , 2-(N ,N -d im e th y le .m in cm e th y l)- in d ?n -l-cn e  ( 68) ( 6 .1  g . ,
0 .0 3  m ole, 8l$ )  w hich vas used in  th e  n e x t  s te p  w ith o u t f u r t h e r  
p u r i f i c a t i o n ,  i . r .  V  1715 1210 cmT1 ; n .m .r .  & 2 .3
( 6H ; s) and 7 * 2 -8 .0  (4H ; m ).
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2-( 2 *-oxccycIchexyLmethvl)-indsn-l-cne (69)
The indancne ’!annich base (63) (6 g., 0.031 mcle) and cyclohextncne 
(8.82 g., 0.09 mole) were refluxed together for 2 hours. Water 
(50 ml.) vas then added, and the mixture neutralised by the addition cf
99glacial acetic acid. The aqueous mixture vas extracted vith ether
and the excess cyclshexsncne distilled off at reduced pressure.
Fractionation of the residue gave the expected product, 2- ( 2 -
oxocyclohexyl methyl)-indan-1—one (69) (5*4 g., 0 .0 2 2 mcle, 70*) us a
C W  T4
clear yellow oil, b.p. 208-212 C/0 .5 am. ; i.r. V  ^  1715 and 
1 r
1610 cm." ; H n.m.r. 6 I.O-3 .7  (14H ; e) and 7.1-7.8 (4H ; m) ; 
ra.s. n/e ?42 (M+), 145, 144, 131, I30, 120, 115, 103, 93, 91, 77, 67 
end 55. Found : 0,79*43 5 #,7*37* 0 ^  02 requires 0,79*31 5
H,7.493.
6.7.8.9-Te tr-ahvd rc-llH-indeno- l L 2=bl -nuinoline (7~5)
A solution o * the diketcne (69) (100 mg) end ammonium acetate 
(100 mg) in glacial acetic acid (2 ml.) vas refluxed for 70 minutes.
99
The mixture vas dilated vith water end extracted vith ether. The 
ether extract was washed with base. The yield of the pyridine 
derivative (73) ‘w&s (32 mg., 0.37 m* mcle, 20%), m.p. 105-106°C ;
i . r .  V  1610 caT1 ;  1H a . s u r .  £  1 . 5-2.2  (4H ; a ) ,  2 . 5- 3 .3  (4H ; a ) ,  
3 .7  ( 2H ; s ) ,  7 .2 -7 .6  (4H ;  a ) r-n3 7 .9 -3 .2  (1H ; n) ; a .  s .  m/e 221 (M+ ) ,  
1 9 3 , 165, 152 , 102, 77 sn3 63. Found : C,86 .87  ; H ,6 .7 8  ; N ,6 .3 3 .
r e q u ir e s  0 ,8 6 .8 4  ; H ,6.83 ; 9 , 6 .33^*
, ,68
2 . 4 -p ro p e n o - l . 2 . ^ . 4-te tra h y d ro fiu o re n -^ -o n e  (70)
2- ( 2*-oxocyclohexy l m etl^y lj-indaa-l-one  ( 69) (4 g . ,  0 .0 1 7  m ole) 
and A m berlite  IR-120 (H) r e s in ^ *  (140 g .)  in  w a te r  ( 5OO m l.)  w ere 
r e f lu x e d ,  v i t h  ra p id  s t i r r i n g  tc  p rev en t bumping, f o r  90 h o u rs .  The 
r e s in  vas f i l t e r e d  o f f  w h ile  h o i, washed v i t h  h o t  w a te r  (250  m l . ) ,
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99coo led  and e x t r a c te d  w ith  e th e r .  The aqueous phase  was th e n  
99 .e x t r a c te d  w ith  e th e r  and tn e  e x t r a c t s  com bined. The c ru d e
p ro d u c t ( 4 .2  g .)  vas  chrom atographed  on s i l i c a  (pO g .)  u s in g  ^0% e th y l
a c e t a t e - l i g h t  p e tro leu m  as e lu a n t  to  y ie ld  a sm a ll amount o f  s t a r t i n g
m a te r ia l  ( 0 .9  g .)  end th e  c y c l is e d  (and in  s i t u  d eh y d ra ted ) p ro d u c t ,
2 ,4 - p r o p a n o - l ,2 ,3 ,4 - t e t r a h y d r c - f lu o r e n - 3 - o n e  (70) (2 .7  g . > 0 .0 1 2  m ole ,
o CCU
7 0 .6 ,0 ,  m .p. 94 .95  C ; i . r . V  m ax" 1730, 1720, I 63O and 1610 cm ." ;
1 H n .m .r .  6  1 - 3 - 2 .3  ( 6H 5 e ) , 2 .5 -3 .2  ( 3H ; n ) , 3 .4  ( 2hT ; s) , 3 .5
(1H ; m) and 7 -0 -7 -5  (4 H ; n) ; n .m .r .  215.287  ( s ) ,  1 4 4 .0 3 3  ( s ) ,
143 .550  ( s ) ,  142 .121 ( s ) ,  I 36 . 8OI ( s ) ,  126.356  ( d ) ,  124 .525  ( d ) ,
123.789  (.d ), 117 .513  ( d ) , 46 .055  ( d ) ,  44 .331  ( d ) ,  39.601  ( t ) ,  36.584  ( t ) ,
3 5 .0 9 2  ( t ) ,  3 2 .1 6 7  ( t )  and 17 .671  ( t )  p .p .m . ; m .s . rn/e 224 (M+) ,  196 , l 3 l ,
167 , 165 , 156 , 153 , 152 , 123 and 115 . Found : 0 , 85 .91  ; H ,7 -39
C ^ H, r  0 , r e q u i r e s  0 , 85.68  ; H ,7.19^»16 16 1
A ttem pted  o x id a tio n  o f  2 .4 -D r c o a n c -1 .2 .^ .4 - te tr a h v d ro f lu o re n -T -o n e  (70) 
s.) w ith  sodium di  chroma t e  d i h r  c r a te
The k e to n e  (70) (224 mg, 1 m. mole) in  g l a c i a l  a c e t i c  a c id  (25 m l .)  
v a s  added to  a s t i r r e d  s o lu t io n  o f  sodium d ic h rc m s te  d ih y d r a te  
(590 > 2 m. mole) in  g l a c i a l  a c e t i c  a c id  (10 m l.)  end h e a te d  a t
6o°C f o r  3 h o u rs . The r e a c t io n  vas s topped  by th e  a d d i t io n  o f  w a te r
99(100 m l.)  > th e  m ix tu re  e x t r a c te d  v i t h  e th e r ,  and th e  com bined e x t r a c t s  
washed w ith  b a se . P u r i f i c a t i o n  o f  th e  c ru d e  p ro d u c t (200 m g.) by 
p r e p a r a t iv e  t . l . c .  on s i l i c a  v i t h  50 % e th y l  a c e t a t e - l i g h t  p e tro le u m  a s  
e lu a n t  y ie ld e d  s t a r t i n g  m a te r ia l  (40 rag.) and two e th e r  p ro d u c ts ,  
n e i t h e r  c f  w hich was th e  d e s i r e d  d ik e to n e  ( 75) o r  ( 7 6 ) .  
b) v i t h  se len iu m  d io x id e  in  a c e t i c  a c id
The k e to n e  (70) (224 m g., 1 m. mole) in  g l a c i a l  a c e t i c  a c id  (25 m l.)  
v a s  added to  a r e f lu x in g  s o lu t io n  o f  f r e s h ly  sublim ed se le n iu m  d io x id e  
(220 rag ., 2 m. mole) in  g l a c i a l  a c e t i c  a c id  (10 m l.)  and th e  m ix tu re  
r e f lu x e d  f o r  30 m in u te s . The r e a c t io n  n ix tu r e  was f lo o d e d  w ith  w a te r '
-85-
99
(100 ml.) and extracted with ether. The combined extracts were 
washed with base. The crude product (230 mg.) was purified by 
preparative t.l.c. on silica, with jO'% ethyl acetate-light petroleum 
as eluant, to yield three products, all cf which were light yellow 
oils. None of these products was the diketone (75) cr (76) an(^  they 
were not investigated further.
2.4-oroD e.n o-1 .2 .7 .4 -tetr3h vd roilu cren -^ -cn e acetal (77)
The ketone (70) (3^0 rag., 1*3 nu mole), ethylene glycol (90 rag., 
I .4 3 m. mole) and toluene-p-sulphonic acid (20 rag.) w^ ere refluxed. 
overnight in benzene (2p0 ml.) with a Dean and Stark water separator.
The reaction mixture was cooled and the benzene removed. The crude
99
material was extracted into ether and washed with base. Purification 
cf the crude product (420 rag.) on a column of silica (10 g.) using
10% ethyl acetate-light petroleum as eluant gave the pure product,
2.4-propano-l,2,3,4-tetrahydrofluoren-3-cne acetal (77) (3^6 rag.,
1.2 ra. raole, 91%) as a colourless oil. i.r. V  max l635 en<* 1&>5 cm.
(no  C = 0 band) ; n .m .r .  £  3.2 (2H ; s ) , 3 .8  (4H ; m) and 6.8-7«5
(4H ; m) ; m .s . m /e 268 (M+) , 239, 167, 165, 153, 152, 141, 123, 115 
and 99. A cc u ra te  mass m easurem ent gave th e  mass a s  268.1575 5 
Ciq H 0^ r e q u i r e s  an a c c u ra te  mass of 268.1582.
Attempted ox id ation  o f  2 .4 -p rop ano-1 .2 .^ .4-tetrah vd roflu oren-^ -on e  
a c e ta l (77)
a) w ith  sodium dichromate dlhydrate
To sodium d ic h ro m a te  d ih y d ra te  (650 m g ., 2 .2  m. raole) i n  g l a c i a l
a c e t i c  a c id  (20 m l.)  was added th e  a c e t a l  ( 77) ( 30°  rag . ,  1 .1  ra. raole)
i n  g l a c i a l  a c e t i c  a c id  (20 m l.)  and th e  m ix tu re  r e f lu x e d  f o r  2 h o u rs .
W ater (50  m l.)  was added to  th e  co o led  r e a c t io n  m ix tu re  and th e  aqueous 
99m ix tu re  e x t r a c te d  w ith  e th e r .  The combined e x t r a c t s  w ere washed w ith
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b a s e . The c ru d e  p ro d u c t (350 nig.) was p u r i f i e d  by t . l . c .  u s in g  ~*0% 
e th y l  a c e t a t e - l i g h t  p e tro leu m  as  e lu a n t  to  g iv e  an o ran g e  o i l  (25 mg.) 
S p e c tro s c o p ic  a n a ly s i s  showed t h i s  to  be n e i t h e r  (78) n o r  (79) ani3 
th e  p ro d u c t was n o t  in v e s t ig a t e d  f u r t h e r ,  
b) w ith  se len iu m  d io x id e  i n  a c e t i c  a c id .
To f r e s h ly  sub lim ed  se len iu m  d io x id e  ( 250 m g ., 2 .2  m. mole) in  
g l a c i a l  a c e t i c  a c id  (20 m l.)  was added th e  a c e t a l  (77) (300  mg. >
1 .1  m. mole) i n  g l a c i a l  a c e t i c  a c id  (20 m l.)  and th e  m ix tu re  re f lu x e d  f o r  
4 h o u rs . The c o o led  r e a c t io n  m ix tu re  was pou red  in t o  w a te r  (50 m l.)
99and e x t r a c te d  w ith  e th e r .  The co/nbined e th e r  e x t r a c t s  w ere washed 
w ith  b a se . The c ru d e  p ro d u c t (250 mg.) was p u r i f i e d  by  p r e p a r a t iv e  
t . l . c .  on s i l i c a  u s in g  30$ e th y l  a c e t a t e - l i g h t  p e tro leu m  a s  e lu a n t .
Two m ain p ro d u c ts  w ere i s o l a t e d ,  b u t  n e i t h e r  p roved  to  be ( 78) n o r
(79).
Attempted preparation of the Mannich base hydrochloride (8 l) of
o.-£cetyl benzoic acid (80)
o -A c e ty l b en zo ic  a c id  (80) (3*28 g . , 0 .0 2  m o le ) , p a ra fo rm ald eh y d e  
( 1 .2  g . , 0 .0 4  mole) and d im ethy lam ine h y d ro c h lo r id e  ( 2 .1  g . ,  0.025  
mole)^ w ere d is s o lv e d  i n  a b s o lu te  e th a n o l (50 m l.)  and c o n c e n tra te d  
h y d ro c h lo r ic  a c id  ( l  m l.)  was added . The m ix tu re  was r e f lu x e d  f o r  
2 h o u rs , c o o led  and pou red  in t o  AnalaR a c e to n e  (100 m l.)  The s o lu t io n  
was co o led  o v e rn ig h t  and th e  c r y s t a l l i n e  s o l id  c o l l e c t e d .  T h is  
m a te r ia l  was shown to  be s t a r t i n g  m a te r ia l  (m .p .,  i . r .  and n . r a . r . )
I n d a n -1 . 7 -d io n e  (84)
73
The method o f  S h a p iro , G e ig e r and Freedman was u se d  to  p re p a re  (84) 
from  p h th a l id e  in  24,o y i e l d ,  m .p . 131—132°C ( l i t m . p .  131—132 C) 5
i . r .  1750> 1715> l690> 1600 and 1570 cm.'*’ ; n .m . r .  & 3*2
max
(2H ; s )  and 7 * 8 -8 .!  (4H ; m )•
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A ttem pted  p r e p a ra t io n  o f  th e  M annich b ase  h y d ro c h lo r id e  (8*>) o f  
in d a n - l . '5 -d io n e  (34)
The d io n e  (84) (6  g . , 0 .0 4  m o le ) , p a ra fo rm ald eh y d e  (2 .5  g » >
0 .0 8  mole) and d im ethy lam ine  h y d ro c h lo r id e  (4 .1  g . , 0 .0 5  mole) w ere 
d is s o lv e d  in  a b s o lu te  e th a n o l (100 m l.)  and c o n c e n tra te d  h y d ro c h lo r ic  
a c id  (2 m l.)  was added . The m ix tu re  was r e f lu x e d  f o r  2 h o u rs , co o le d  
and pou red  in to  AnalaR a c e to n e  (250 m l . ) .  An amorphous s o l id  was 
o b ta in e d ,  w hich was in s o lu b le  in  m ost o rg a n ic  s o lv e n ts  and in  w a te r .
I t  was th e r e f o r e  n o t  th e  r e q u ire d  p ro d u c t and was d is c a rd e d .
2 -(N .N -d im ethv lam inom ethv l)~ cyclohexanone  h y d ro c h lo r id e  (76)
1 6T h is  compound was p re p a re d  by th e  m ethod o f  M annich and B raun 
i n  8o£ y i e l d ,  m .p . 155-157°C ( l i t ? 6 m .p . 152°C) i . r . V  2700-2280 
and 1700 cm. ; H n .m .r .  (DjO) <5 2 .8  ( 3H ; s) and 2 .9  (3® 5 s )
2~(N .N ~dim ethylam inom ethyl)--cyclohexanone (87)
The M annich b ase  h y d ro c h lo r id e  ( 86) ( 6 .8  g . , 0 .0 3 5  mole) was
d is s o lv e d  in  a  minimum amount o f  w a te r  (6  m l.)  and 0 .8 8  ammonia
(1 .5  nil*) v a s  added . The m ix tu re  was s a tu r a te d  w ith  sodium c h lo r id e  
99and e x t r a c te d  w ith  e t h e r .  T h is  fu rn is h e d  th e  c ru d e  M annich b a s e  
( 87) ( 4 .6  g . ,  0 .030  m ole , 86%) w hich  was u sed  in  th e  n e x t  s te p  w ith o u t
further p u r ifica tio n , i . r .  V  1715 ^ 8  1210 cm.'*' 5 n.m .r.max
S  2 .2  ( 6H ; s ) .
A ttem pted  p r e p a r a t io n  o f  2 - ( 2 >‘-o x o cy c lo h ex y l m e th y l)-  
in d a n - l .^ - d lo n e  ( 88)
The cyclohexanone M annich b a se  ( 87) (4 .5  g . » 0 .0 2 9  m ole) and 
in d a n - l ,3 - d io n e  (84) ( 2 .5  g . , 0 .0 1 7  m ole) w ere r e f lu x e d  to g e th e r  f o r  
2 h o u rs . W ater (20 m l.)  was added , and th e  m ix tu re  n e u t r a l i s e d  w ith
99g l a c i a l  a c e t i c  a c id .  The aqueous m ix tu re  was e x t r a c te d  w ith  e t h e r
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and a  s o l id  p ro d u c t o b ta in e d  w hich  was i d e n t i f i e d  a s  one o f  th e  
s t a r t i n g  m a te r i a l s ,  in d a n - l ,3 - d io n e  (84) (2 .1  g . )
2 - A llv l  c y c lo h e x a n o n e ^  (89)
77To a  s o lu t io n  o f  th e  p y r r o l id in e  enam ine o f  cyclohexanone
(1 5 .7  g« » 0 .0 9 5  mole) i n  a c e t o n i t r i l e  ( 25O m l.)  was added d ropw ise
a l l y l  brom ide (1 4 .5  g • ,  0 .1 1  rao le ). A f te r  th e  a d d i t io n  was co m p le te , 
th e  s o lu t io n  was r e f lu x e d  o v e rn ig h t  u n d e r an a tm osphere  o f  n i t r o g e n .
M ost o f  th e  a c e t o n i t r i l e  was removed and th e  r e s id u e  d i l u t e d  w ith  
w a te r  (50  m l.)  and h e a te d  on a steam  b a th  f o r  30 m in u te s . The
99
r e s u l t i n g  s o lu t io n  was c o d e d  and e x t r a c te d  w ith  e t h e r .  D i s t i l l a t i o n  
u n d e r  red u ced  p r e s s u r e  gave th e  ex p ec ted  p ro d u c t ,  2-a l ly lc y c lo h e x a n o n e  
( 89) a s  a  c o lo u r le s s  o i l ,  b .p .  4 6 -5 2 °C /0 .8  mm. ( l i t ^  b .p .  94°C /
16  mm.) ; i . r .  V  “ J;4 1715 and 1640 cm.’*’ ; n .m .r .  S  4 .8  ( 1H ; m ),
5 .O5 (1H ; m) and 5 .7  (1H ; m) 5 m .s . m /e 138 (M+),  1 0 9 , 9 4 , 79 , 67 ,  54
and 41.
2 -A lly lc y c lo h e x a n o n e  a c e t a l  (90)
The k e t o - o l e f i n  ( 89) ( 4 .5  g . , 0 .0 3 2  m o le ) , e th y le n e  g ly c o l
( 2 .2  g . , 0 .035  m ole) and to lu e n e -p - s u lp h o n ic  a c id  (25  m g.) w ere
r e f lu x e d  o v e rn ig h t  in  benzene ( 25O m l.)  w ith  a  Dean and S ta rk  w a te r  
s e p a r a to r .  The r e a c t io n  m ix tu re  was co o led  and th e  benzene rem oved.
99The c ru d e  m a te r ia l  was e x t r a c te d  in t o  e th e r  and w ashed w ith  b a s e .  
P u r i f i c a t i o n  o f  th e  c ru d e  p ro d u c t (4 .2  g . )  on a  column o f  s i l i c a  (50  g . )  
w ith  10$ e th y l  a c e t a t e - l i g h t  p e tro leu m  a s  e lu a n t  gave th e  p u re  p ro d u c t ,
2-a l ly lc y c lo h e x a n o n e  a c e t a l  (90) (4 .1  g . , 22 m. m ole , 68^ ) a s  a
o / w  CC14 ,  -1
c o lo u r le s s  o i l ,  b .p .  110-120  C /2-3  mm. ; i . r .  V  max 1640 cm.
(no  C = 0 band) ; n .m .r .  6  3»95 ( 4H J m) , 4 .9  (1H ; m ), 5 .1  (1H ; m)
and 5 .8  (1H ; ra) ; m .s . m /e 182 (M+), 139 , 125 , 9 9 ,  86  and 55 .
A ccu ra te  mass m easurem ent gave th e  mass a s  182.13062 ; °11  “18 °2
r e q u i r e s  an a c c u ra te  mass o f  182,130672 .
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F r e p a r a t to n  o f  th e  a ld eh y d e  (91)
Ozone was p assed  th ro u g h  a  s o lu t io n  o f  2 -a l ly l- c y c lc h e x a n c n e  
a c e t a l  (90) (4  g . , 0 .0 2 2  mole) in  m ethano l (25 m l.)  a t  c a . -70°C 
( a c e tc n e /D r ik o ld  b a th ) ,  u n t i l  a  d i l u t e  s o lu t io n  o f  brom ine in  a c e t ic  
a c id  was no lo n g e r  d e c o lo u r is e d  by th e  a d d i t io n  c f  a few m i l l i l i t r e s  
o f  th e  r e a c t io n  m ix tu re .  W hile s t i l l  a t  - 70°C » system  was 
f lu s h e d  w ith  n i t r o g e n  gas and d im e th y l s u lp h id e ^ ^  (2  m l.)  added.
The s o lu t io n  was s t i r r e d  a t  -10°C f o r  1 h o u r, th e n  a t  i c e  b a th  
te m p e ra tu re  f o r  1 hour and f i n a l l y  a t  room te m p e ra tu re  f o r  1 h o u r.
99The m ethano l was removed and th e  r e s id u e  e x t r a c te d  w ith  e th e r  to  
g iv e  th e  a ld eh y d e  (91) ( 2 .8  g . , O.OI5 m o le , 4:6%) a s  a  c o lo u r le s s  o i l .
i . r .  V  1730 and 2720 cm?1 ; ^  n .m .r .  & 3 .9  (4H ; m) and 9 .6 6
(1H ; m ). The a ldeh y d e  (91) v as  u sed  im m ed ia te ly .
A ttem pted  p r e p a r a t io n  o f  2 -(2 ^ -c x o c v c lc h e x y l m e th v l) - in d a n -  
1 .7 -d io n e  ( 88)
A m ix tu re  o f  th e  a ld eh y d e  (91) (1*9 g - > 0 .0 1  m o le ) , p h th a l id e  
( 83) (1 .3 4  g . , 0 .01  mole) and sodium e th o x id e  ( 0 .55  g»* 0.011  mole) 
in  e th a n o l (40 m l.)  was r e f lu x e d  f o r  2 h o u rs . W ater (20 m l.)  was 
added and th e  e th a n o l rem oved. The r e s id u e  was d i l u t e d  w ith  i c e  
w a te r  (50 m l.)  and washed w ith  e th e r  (2  x  50 m l . ) .  A f te r  a c i d i f i c a t i o n  
w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  th e  p ro d u c t c o u ld  n o t  be  e x t r a c te d  in t o
99e t h e r .  However, i t  was e x t r a c te d  in t o  ch lo ro fo rm  and su b se q u e n tly  
shown to  be p red o m in an tly  one o f  th e  s t a r t i n g  m a te r i a l s ,  p h th a l id e  ( 83) .
In d e n -1 .7 -d lo n e  (84)
78T h is  compound was p re p a re d  by th e  method o f  Gruen and N o rcross 
I n i t i a l l y  th e  sodio-com pound, so d io -2 -c a rb o m e th o x y in d a n - l,3 -d io n e  ( 92 )
was o b ta in e d  ( 8 .3  g . , 80$) a s  y e llo w  c r y s t a l s ,  m .p . 307- 310OC, i . r .
KBr X X
V  mex iT O *  l690> I 665, 1630 and 1615 cm7 ; H n .m .r .
- 90 -
(D20 ) & 1 .4  (3H ; t  ; J  7 H z .) ,  4 .3  ( 2H ; q ; J  7 H z.) and 7-5 
(4 H ; m).
On tr e a tm e n t  v i t h  h y d ro c h lo r ic  a c id  th e  d io n e  (84) was o b ta in e d
(4 .2 3  g . , 84$) and was i d e n t i c a l  ( m .p .,  i . r . ,  n .m .r . )  to  th e  p ro d u c t
o b ta in e d  e a r l i e r  from p h th a l id e .  A sm a ll amount o f  a  b ip r c d u c t ,
o
b iin d o n e  ( 96) was a l s o  o b ta in e d  (420 m g., 0 .0 9 $ ) ,  m .p . 208-211 C
/ 101 o x  n r  CHC13 ^ _ i( l i t .  m .p . 208-210) ,• i . r .  V  m 1725 , 1690 , 1680 and 1615 cm. ;max
H n .m .r .  S  4 .1  ( 2H ; s )  and 7»7- 8 .1  ( 8H ; m) ; m .s . m/e 274 (M+) ,  
246 , 222, 189 , 177 , 176, 151 , 150 , 121 , 105 , 104 , 9 3 , 71 , 65 and 50 .
2 -M ethy l in d a n - l .T -d io n e  (98)
80The m ethod o f  W is lic e n u s  and K o tz le  was u sed  to  p re p a re  ( 98) •  
I n i t i a l l y  th e  sodi© -com pound, so d io -2 -m e th y l in d a n - l ,3 - d i c n e  (97) was 
o b ta in e d  a s  d a rk  re d  c r y s t a l s  (5 .6  g . , 70%), T rea tm en t v i t h  
h y d ro c h lo r ic  a c id  fu rn is h e d  th e  d io n e  ( 98) (4 .0 6  g . ,  83$ ) ,  m .p .
84-85°C ( l i t ? °  m .p . 84-85°C) j i . r .  V  1755 , 1720 and 1600 cm?1 ;
\  n .m .r .  S  1 .4  (3H ; d ; J  7 .5  H z.) 3 .1  (1H j q j J  7*5 H z.) and
8 .0  (4  H ; ra).
E t h y l - 7 - f 2-o x o c y c lo h e x y l) -p ro p io n a te  (97)
77T h is  compound was o b ta in e d  by th e  p u b lish e d  p ro c e d u re  a s  a
77
c o lo u r le s s  o i l  ( 28 .7  g • ,  72^ ) ,  b .p .  125- 130°0 /  2 mm. ( l i t .  b .p .
98°C /  0 .7  mm.) 5 i . r .  "V  1740 and 1720 cm.^ ; n .m .r .  & 1 .2
( 3H 5 t  ; J  7 H z.) and 4 .1  (2H ; q ; J  7 H z .) .  m .s . m /e 198 (M+) ,  
15 3 , 152 , 125 , 124 , 98 and 55 .
E th v l— 2-o x o c y c lo h e x v l)  -p ro p ic .n e te  a c e t a l  ( 9_4)_
The k e t o - e s t e r  (93) (5*6 g . , 0 .0 2 8  ra o le ) , e th y le n e  g ly c o l  
(1 .9 2  g . ,  0 .031  mole) and to lu e n e -p - s u lp h o n ic  a c id  (25 rag.) w ere
-91-
r e f lu x e d  o v e rn ig h t  in  benzene (50 m l.) v i t h  a  Dean and S ta r k  w a te r  
s e p a r a to r .  The r e a c t io n  m ix tu re  was cooled  and th e  benzene  rem oved.
99The c ru d e  m a te r ia l  was e x tra c te d  in to  e th e r  and washed w ith  b a s e . 
P u r i f i c a t i o n  o f  th e  crude p ro d u c t (7 .1  g*) on a column o f  s i l i c a  
(150 g . )  w ith  20,& e th y l  a c e t a t e - l i g h t  petro leum  as  e lu a n t  gave th e  
p u re  p ro d u c t,  e th y l-3 - (2 -c x o c y c lo h e x y l) -p ro p io n a te  a c e t a l  (94)
(6 .2  g . , 0.026  m ole, 91$) as  a  c o lo u rle s s  o i l ,  b .p .  126- 128°C /
0 .0 5  mm. j ^735 ( bo ketone C = 0 band) ; "^H n .m .r .
& 1 .2 5  (3H ; t  ; J 7 H z .) ,  4 .0  (4H ; m) and 4 .1 5  (2H ; q ; J 7 H z.) ; 
m .s . m/e 242 (M+) ,  239> 237* 155 > 99 > 86 aad 55* A ccu ra te  m ass
m easurem ent gave th e  mass a s  242.15196 } O4 r e q u i r e s  an a c c u r a te
mass c f  242.151799.
A ttem pted  p re p a ra t io n  o f  2 - (  2 f - c x o c v c l G h e x v l  m ethv l) - in d a n -
1 .-^ d lo n e  ( 88)
a) D im ethyl p h th a le te  (8 .7 5  S*f 0.045 mole) was t r e a t e d  w ith  60$ 
sodium h y b rid e  (5*4 g . , 0.15  m ole). Tfliile th e  m ix tu re  was b e in g  
h e a te d  a t  90-100°C ( o i l  b a th  tem p era tu re ), a s l i g h t  e x c e ss  o f  e t h y l -  
3 r (2 -c x o c y c lc h e x y l)-p ro p io n a te  a c e ta l  (94) (1 2 .1  g . , 0 .0 5  mole) was 
added . Hydrogen was evolved and w ith in  ca_. 5 m in u tes  a  deep  brown 
c o lo u r  had dev e lo p ed . H eating  was con tinued , b u t  a f t e r  a p p ro x im a te ly  
30 m in u tes  th e  r e a c t io n  became v e ry  v igorous and had to  be s to p p e d .
99A f te r  c o o l in g , th e  m ix tu re  was e x tra c te d  w ith  e t h e r .  E xam ination  
o f  th e  e th e r  f r a c t io n  showed i t  to  contain  s t a r t i n g  m a te r ia l s  and a 
sm e ll amount c f  an o th e r p ro d u c t which was n o t  i d e n t i f i e d .  E v a p o ra tio n  
o f  th e  aouecus f r a c t io n  y ie ld e d  a dark  red  amorphous s o l id  w hich  had a  
m e ltin g  p o in t  in  excess c f  33°°C* A ddition c f  h y d ro c h lo r ic  a c id  to  an 
aqueous s o lu t io n  o f  t h i s  m a te r ia l  cansed no p r e c i p i t a t i o n  how ever, and 
e th e r  e x t r a c t i o n ^  c f  th e  a c id i f ie d  aqueous phase  y ie ld e d  o n ly  a t r a c e
- 9 2 -
o f  m a t e r i a l  w hich  was n o t  t h e  r e q u i r e d  p r o d u c t  ( i . r . ,  H n . m . r . ) .
b) The r e a c t i o n  was r e p e a t e d  on t h e  seme s c a l e .  T h is  t im e  t h e  
m ix t u r e  d id  n o t  become e x c e s s i v e l y  v i p e r o u s  a s  i n  t h e  p r e v i o u s  c a s e  
: nd h e a t i n g  was c o n t in u e d  f o r  4 h o u r s .  A f t e r  c o o l i n g ,  t h e  o ran g e  
m ix t u r e  was t r i t u r a t e d  v i t h  e t h e r  -nd  a f i n e  d a rk  o ra n g e  s o l i d  was 
o b t a i n e d  ( 5 £ * ) •  T h i s  m a t e r i a l  vras d i s s o l v e d  i n  w a te r  b u t
99a c i d i f i c a t i o n  f o l lo w e d  by e t h e r  e x t r a c t i o n  y i e l d e d  o n ly  a s m a l l  
amount- o f  m a t e r i e l  w h ich  was n o t  t h e  d e s i r e d  p r o d u c t  ( i . r . ,  n . m . r . ) .
A t te m p te d  B a e y e r - V i l l t g e r  o x i d a t i o n  c °  J z Q i  
g) w i t h  mcoba/CKCIT
The k e t c n e  (70) (450 m g .,  2 m. mole) and m -c .h lo rc p e rb e n z o ic  
a c id  (730  m g .,  4 .2  m. mole) w ere  r e f l u x e d  i n  c h lo r o f o rm  f o r  3 h o u r s .  
A f t e r  c o o l i n g ,  t h e  s o l u t i o n  was washed v i t h  10;$ sodium  s u l p h i t e ,  
sodium  b i c a r b o n a t e  ( s a t u r a t e d )  2n d  w a t e r ,  t h e n  d r i e d  e v e r  Mg S 0 ^  
f i l t e r e d  and e v a p o r a t e d .  P r e p a r a t i v e  t . l . c .  o f  t h e  c r u d e  p r o d u c t  
( 65O mg.) on s i l i c a  u s in g  3^3 e t h y l  a c e t a t e - l i g h t  p e t r o l e u m  as  
e l u a n t  a l lo w e d  i s o l a t i o n  c f  t h e  m a jo r  component w h ich  was i d e n t i f i e d
a s  t h e  a l c o h o l  (104) (405 m g .,  1 .6 8  m. m o le ,  84,3), m .p .  1 5 9 - l6 l° C  3
w C C 1 4  - 1 1  r
i . r . V  354O snd I 73O cm. 3 H n . m . r . 6  1 . 1  ( 3H ; t  j J  7 H r . ) ,
*Uci«rw
*
3.0 (2H 5 c 3 J  7 H z . ) ,  3.8  (1H 3 s )  and ? . 2 - 7 - 7  (4H 3 ni) 3 m .s .  
m /e 286 (M+ ) , 240, 224 , 212 , 1.71, 14-3, 1 4 1 , 1 2 9 ,  123 and 1 1 5 .
Found : C, 75*32 ; H,- 7 . 3 6 .  C^g H22 r e q u i r e s  C, 75*49 ; H,
7 .7 4 3 .
b )  w i t h  mcpba/CHCly
The k e to n e  (70) (450 m g .,  2 m. mole) and m - c h l o r c p e r b e n z c i c
Op
a c i d  (730  m g .,  4 . 2  m. m ole) were r e f l u x e d  i n  p u r i f i e d ' ^  c h lo ro fo rm  
f o r  3 h o u r s .  The w crk -up  p r o c e d u r e  was a s  d e t a i l e d  i n  a) and 
p r e p a r a t i v e  t . l . c .  o f  t h e  c ru d e  p r o d u c t  (380 m g.)  g ev e  t h e  p u re
-93-
Q
m a t e r i o l  (340 n ig . ,  1 .4 1  m. m o le ,  71-0 s s  c r y s t a l s  m .p .  1 1 6 -1 1 7  ^
, w  CC14
v h i c h  vas  i d e n t i f i e d  a s  t h e  e p o x id e  ( 1 0 5 ) ,  i . r .  V  1730 ?nd
-1  1 r
1610 cm. ; H n . m . r .  o  3*6 (2fl ; s) end 7 -2  (4H ; m) 5 m .s .  m /e 240 
(M+ ) ,  224 , 2 1 2 , 196 , 1 3 1 , 171, 1 6 7 , 1 5 5 , 1 5 3 . 1 4 1 , 123 and 115.
Found : C, 7 9 ,9 7  ; H, 6.97  . C jg  0 2 r e q u i r e s  C, 79.97 ; H, 6 . 7 l 3 .
c) mcpbr. /  CHqC Iq
The k e to n e  (70) (480 m g .,  2 n .  mole) end jm - c h lc r c p e r b e n z c ic  a c id  
(730  nig ., 4 . 2  m. m ole) v e r e  r e f l u x e d  i n  p u r i f i e d  m e th y le n e  c h l o r i d e  
f o r  3  h o u r s .  The vc rlc -up  p r o c e d u r e  v a s  a s  d e t a i l e d  i n  a) and
p r e p a r a t i v e  t . l . c .  o f  t h e  c ru d e  p r o d u c t  (400  mg.) gave  t h e  p u re  p r o d u c t
(3B0 m g .,  1 .6  m. m ole, 3o3) a s  c r y s t a l s  m .p .  l l6 - 1 1 7 ° C .  T h i s  p r o d u c t  
v a s  i d e n t i f i e d  as  t h e  e p o x id e  (lO p) by c o m p ar iso n  ( m . p . ,  i . r . ,  n . m . r . )  
v i t h  t h e  p r o d u c t  o b t a i n e d  from  b ) .
E s s e n t i a l l y  t h e  same r e s u l t  v a s  o b t a i n e d  vhen  t h e  r e a c t i o n  v a s  
r e p e a t e d  u s i n g  3 tb en  5 e q u i v a l e n t s  c f  t h e  p e r a c i d .
O-r-
d) rncpb? /  CHqC'I-CHqCI /  r a d i c a l  s c av e n g e r .-^
The k e to n e  (70) (420 m g., 2 m. m o le ) ,  r n - c h l o r c p ^ r b e n r c i c  a c id
84
(730  n ig . ,  4 . 2  m. m ole) and 2 ,2  t h i o b i s  (4  m e th y l  6 j t - b u ty l  p h e n o l)
(10 mg.) v e r e  r e f l u x e d ' i n  e t h y l e n e  d i c h l c r i d e  f o r  3  h o u r s .  The v o r k - u p
p ro c e d u re  vas a s  d e t a i l e d  in  a) and p r e p a r a t iv e  t . l . c .  o f  th e  c ru d e
m a te r ia l  (^10 mg.) y ie ld e d  th e  pu re  p ro d u c t (400 m g ., I .67  m. m cle ,
83^) a s  c r y s t a l s  m .p. llo -117°C *  T h is  compound v a s  i d e n t i f i e d  a s
th e  epox ide  ( 105) by com parison (m .p .,  i . r . ,  n .m . r . )  v i t h  p ro d u c t
o b ta in e d  from b ) .
2 .4 -P r o o a n c - 1 .2 .7 .4 - te t r a h y d r o f lu c r e n -^ - o n e  oxim es (10?) and ( l i t )
The k e to n e  (70) (896  m g., 4 m. m o le ), a  f i v e - f o l d  e x c e ss  c f  sodium  
h y d ro x id e  (800 m g., 20 m. mole) and a  5 O/0 ex cess  o f  hydrcxy lem ine 
h y d ro c h lo r id e  (420 m g., 6 m. mole) v e re  r e f lu x e d  f o r  2 h o u rs  i n  an 
e th a n c l - v ? t e r  m ix tu re  (100 m l . ,  A f te r  c o o l in g ,  th e  e th a n o l v a s
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r e r a o v e d  a n d  t h e  m i x t u r e  e x t r a c t e d  w i t h  c h l o r o f o r m .  P r e p a r a t i v e  
t . l . c .  o f  the c r u d e  p r o d u c t  (1120 m g . )  o n  s i l i c a  (3 '36  e t h y l  a c e t a t e -  
l i g h t  p e t r o l e u m )  a l l o w e d  i s o l a t i o n  c f  t h e  tw o  i s o m e r i c  c x i m e s  ( 109) 
a n d  ( 113) .
O x im e  1 ( 1 1 3 )  (472  m g . ,  l .?8  m. m o l e ,  4 9 . 5 3 ) ,  m . p .  1 5 3 - 1 5 5 ° C  ;
PPT *1 I T
i . r .  V m^ '  3615 , 356O-26OO, 1745, 1670, I 63O a n d  I 0O5 craT ; H n .m .r .
&  1 .2 - 2 .1  ( oH ; e ) ,  2 . 5- 3 .O (4H ) m), 3 .2  (2H ; s) ; 4 .6  (1H ; m)
and 6 . 9- 7 .5  (4H ; a) ; 1"C n . m . r .  163.544  ( s ) ,  143 .895  ( s ) ,  143-780 ( s ) ,
142 .993  ( s ) ,  I 36 . I 98 ( s ) ,  126.162  ( d ) ,  124 .068  ( d ) ,  123.612  ( d ) ,
117.605  ( d ) ,  3 9 . 7 1 7  ( t ) ,  35.891  ( t ) ,  3 5 . 4 3 6  ( d ) ,  3 4 . 2 4 7  ( t ) ,  29.412  ( t ) ,
28.997  ( d )  a n d  18.162  ( t )  p . p . m .  ; m . s .  m /e  239 (M+) y 222 ,  194 ,  l 80 ,
179 , 165 , 153, 152, 141, 129, 128 and 115 . Found : C, 80 .20  ;
H, 6 . 9 3  ; N, 5 .7 2 . Cl 6  ^  0 1 r e q u i r e s  C, 8O . 3O ; H, 7 .16  ;
N, 5.85=5.
Oxiine 2 (109) (276  rag., 1 .1 5  m. m o l e ,  28 .75 f°) > nup . 54-56°C ; 
i . r .  V ^ 4 3615> 3550-2500, 1740, 1720, 1670, I 63O e n d  1615 cm?1 ; ^  
n . m . r .  S  1 . 1- 2 .1  ( 6H ; e ) , 2 . 2- 3 .0  ( 3H ; ra), 3 . ?  ( 2H ; s ) , 3 .8  ( 1H ; m ) ,
3 .9  (1H > ra) 6 .9 - 7 .6  (4H ; ra) ; n .m .r .  163.894  ( s ) ,  f 2 x ]
143 .710  ( s ) ,  142 .592  ( s ) ,  137 .462  ( s ) ,  126 .184 ( d ) ,  124 .085  ( d ) ,
123 .642  ( d ) ,  117 .489  ( d ) ,  3 9 .697  ( t ) ,  36.306  ( d ) ,  3 4 .2 2 8  ( t ) ,  3 3 . 3 5 5  ( t ) ,  
3 0 .9 0 7  ( t ) ,  27 .993  (d) snd 18 .092  ( t )  p .p .m . ; m . s .  ra/e 239 (M+) ,  222 , 19 4 ,
180 , 179, lo p ,  153 , 152, 141 , 129, 128 and I I 5 . Found : C, 80 .33  ;
H, 7 .11  ; N, 5 . 86 . H.^ -, N1 01 r e q u i r e s  C, 80.30  ; H, 7 .1 6  ;
N, 5 .8 5 £ .
Beckmann r e a r r  an cem ent o f  oxime 1 _ lll3 l_
Oxirae 1 (113) (149 m g., 0 .6 2  m. mole) and to lu e n e -p - s u lp h o n y l  
c h lo r id e  (155 m g., 0 .8  m. raole) in  p y r id in e  (8  m l.)  w ere s t i r r e d  
o v e rn ig h t  a t  room te m p e ra tu re . W ater (10 m l.)  was added and a f t e r  
n e u t r a l i s a t i o n  w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  th e  c ru d e  p ro d u c t was
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99e x t r a c t e d  i n t o  ch lo ro fo rm ..  P r e p a r a t i v e  t . l . c .  cn s i l i c a  ( e t h y l
a c e t a t e )  o f  t h e  c ru d e  p r o d u c t  ( l3 0  mg.) gave th e  pure  la c ta m  (114)
KBr
(130 m g.,  0 .5 4  m. m ole, 87# ) ,  m .p. 262- 264°C ; i . r . V  3300 , 3210 ,
1660 and 1605 cmT^ ; n .m .r .  £  1 .4 -2 .2  ( 6H ; e ) , 2 .2 -3 -1  (2H ; m ),
3 .3  (2H ; s ) ,  3 .7  (1H ; m ), 4 .0  (1H ; m) and 7 -0 -7 -5  (5H S m) ;
13
C n .m .r .  179 . 105 , 145 . 366, 143 . 176 , 142 .190 , 130. 671,  126 . 399 ,
1 2 4 .3 5 4 , 1 2 3 .4 2 2 , 1 1 7 .6 8 0 , 4 7 .6 3 0 , 44 .902, 42 .350 , 3 5 .4 6 6 , 3 4 .1 7 8 ,
26 .022  and 21 .646  p .p .m . ; m .s . m/e 239 (# * ) , 168, 167, 153 , 128 ,
115 end 56 . Found : C, 80.58  ; H, 7 .06  ; N, 5 . 73. H .^ ^  0 ^
r e q u i r e s  C, 8O .3O ; H, 7*16 ; N, 5*85p*
Beckmann re a rra n g e m e n t o f  oxime 2(109)
Oxime 2 (109) (119 nig., O .5O m. mole) and to lu e n e -p -s u lp h o n y l c h lo r id e  
(115 m g., 0 .6  m. m ole) in  p y r id in e  (8  m l.)  v e re  s t i r r e d  o v e rn ig h t  a t  
room t e m p e r a t u r e .  The w ork-up procedure  was as  d e t a i l e d  ab o v e , 
and p r e p a r a t iv e  t . l . c .  o f  th e  c ru d e  p roduct (150 mg.) gave th e  p u re  
la c ta m  (110) (110 m g., 0 .4 6  m. m ole, 92%), m .p. 254-256°C ; i . r .
V K! l  3300 , 3205 and I 06O cmT1 ; ^  n .m .r . & 1 .5 -2 .2  ( 6H ; e ) ,Ql&JC
2 .2 -3 .2  (3H ; m ), 3 .3  (2H ; s ) ,  4 .4  {1H 5 m) and 6 .9 -7 .6  (5H ; m) ;
13C n .m .r .  179-791 , 144 .2 5 5 , 143 . 854 ,  141 .870 , 135-586 , 126 . 315 ,
124. 332, 123. 583, 117.078, 46.867, 44.399, 42 .068, 31,477, 29.921,
29.283  and 2I . 5O3 p .p .m . ; m .s . m/e 239 (M+) , 168,  l 6y , 153 ,  128 ,
115 and 56 . Found : C, 8O .I5 ;  H, 6.88  ; N, 5-67- 0^
r e q u i r e s  C, 8O .3O j  H, 7*16 5 N, 5*85/5.
Beckmann re a rra n g e m e n t w ith  PPA
a) A t 30°C
Oxime 1 (113) (100 m g., 0 .4 2  m. mole) and p c ly p h o sp h o ric  a c id  
( te c h n ic a l  g rad e ) ( 1 .5  g«) w ere s t i r r e d  a t  80°C f o r  30 m in u te s .  A f te r
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cooling, addition of ice-water (50 ml.) precipitated the crude 
product (75 mg«) which vas purified by preparative t.l.c. on silica, 
with ethyl acetate as eluant, to yield a product (84 mg.) which was 
identified as a mixture cf lactams (110) and (114) (^H n.m.r.)*
Oxime 2 (109) (100 mg., 0.42 ra. mole) was similarly converted 
to a mixture cf lactams (110) and (114) (76 mg.) by this method, 
b) At room temperature
Oxime 1 (113) (100 mg., 0.42 ra. mole) and polyphcsphoric acid 
(technical grade) (1*5 g-) were left at room temperature overnight. 
After addition of ice-vater (50 ml.), the precipitated crude product 
(91 mg.) was purified by preparative t.l.c. (ethyl acetate) to yield 
the lactam (114) (85 mg., O .36 m.mole, 85$) by comparison with the 
product from the TsCl/Pyridine reaction.
Oxime 2 (109) (100 mg., 0.42 m. mole) was similarly converted to 
lactam (110) (8l mg., 0.34 m. mole, 8l$) by this method.
/ 90Beckmann rearrangement with / MeSQ-?H
a) At 110°C
Oxime 1 (113) (100 mg., 0.42 m. mole) and freshly prepared 
phosphorous pentoxide/methanesulphonic acid (1  : 10) (1 .5  g.) were 
heated at 110°C for 1 hour. After ouenching with saturated sodium 
bicarbonate, the precipitated crude product (76 mg.) was extracted 
into chloroform and purified by preparative t.l.c. (ethyl acetate) 
to yield a product (80 mg.) which was identified as a mixture of 
lactams (110) and (114) (^H n.m.r.).
Oxime 2 (109) (100 mg., 0.42 m. mole) vas similarly converted to 
a mixture of lactams (110) and (114) (84 rag.) by this method.
b) At room temperature
Oxime 1 (113) (100 mg., 0.42 m. mole) and freshly prepared
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phosphorous pentcxide/methsnesulphcnic acid (l : 10) (1*5 £•) vere 
left at room temperature overnight. After quenching vith saturated 
sodium bicarbonate, the precipitated crude product (90 mg.) vas
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extracted intc chloroform and purified by preparative t.l.c. to 
yield the lactam (114) (34 mg. 0.35 mole, 34,*) by comparison vith 
the product from the TsCl/pyridine reaction.
Oxime 2 (lOp) (100 mg., 0.4? m. mole) vas similarly converted 
to lactam (110) (75 > 0*31 mole, 75^ ) >07 this method.
Attempted preparation of aminc-ester fIIS^
The lactam (114) (120 mg., 0 .5  a .  mole), phosphorous pentechlcride 
(156 mg., 0.75 mole) and pyridine (60 mg., 0.75 m* mole) vere stirred 
in benzene (15 ml.) at 60°C for ? hours. Methanol (30 ml.) vas added 
and the mixture stirred for a further 2~ hours at room temperature.
Vuter vas added and then the mixture evaporated to dryness. The
QO
residue vas extracted" intc ethyl acetate vhereupon analytical t.l.c.
shoved the presence cf several products. Tvc of these products.
vere investigated but shovn by n.m.r. not to be the required product.
Attempted preparation cf amino-ester f l i c )
6-fh prclactam (4 £., C.O35 mole) was t r e a t e d  cs detailed shove. After 
vcrk-up of the reaction mixture, analytical t.l.c. shoved the presence 
cf many products and these vere net investigated.
Ethyl 6-ethoxvco.rhonvleininchexancate (ll3)
a) W aH/C0(0Et)p
The u r e th a u e - e s te r  ( l l 3 )  vas p repared  acco rd in g  to  th e  p u b lis h e d
92 CC14 i
procedure^ in 35,t yield, i . r .  V  max 355^> 17?-5 M  ca* > m*s*
m /e 231 (M+) ,  1 3 6 , 158 , 140 , 123, 112,  102,  33 , 6? s n l  56 .
-98-
101,
b) M e e r v e in *s r e g g c n t  /ClOOoSt
After preparation cf the ininc-ether (117), the urethane-aster
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(113) vas prepared recording tc the literature procedure and identified 
by comparison vith the product obtained from a).
Attempted preparation of urethra e-ester (120)
a) MaH/C0(0Et)o
Lactam (114) (153 mg., 0.62 m. mole) in benzene (?5 nil.) vas 
stirred vith an excess cf sodium hydride (24 mg., 1 m. mcle) et room 
temperature for 3 hours. Eiettyl carbonate (0.2 ml.) vas then added. 
After J ’‘curs rt room temperature, th? reaction vas stopped, v.~ hereupon 
analytical t.l.c. shoved the presence cf starting material together
vith several other products. These products w»re net investigated.
1 m  1
b) Meervein1 s reazent /ClC0?£t
After conversion cf the lactam (114) (?C0 mg., O .8 3 m. mcle) tc 
the inino-ether (119), the mixture vas treated vith ethyl chlcrcfcrmate 
(0 .3 ml.). After 3 hours rt room terperr-ture, envlytic.vl t.l.c. 
showed the presence, cf many products, including starting lactam (114), 
and these ether products vere not- investigated.
? 7 7
Tricycle (7.^.1.3 * ) tridec-2 -en-lT-cne (l22)
0*5
This compound vas prepared by the method cf Julia and Varech.
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The product vas obtained in 7 o  yield, b.p. l62-172°C/l2 mm. (lit. 
b.p. 37°c/0.1 a a . ) i V ^ 4 1740 (sh) tad 17?0 cm?1 ; m.s. m/e 190 (M+), 
16?, 149, 148, 147, 133, H9, 115, 195, n, 79 me 77. A
de.micarbszcne derivative vas prepared : m.p. 188-189 3 (lit.*-' ra.p.
196°C).
A sm a ll amount c f  th e  c y c l is e d , but in d e h y d ra te d , p ro d u c t  (125) 
was a ls o  o b ta in e d , m .p. 172-173 C j Y ^  3^30, 35& K J220 and 1710 cm. ;
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n . m . r .  £  1 . 2- 2.7  ( i n e l u d i n g  one e x c h a n g e a b le  p r o to n )  ; m .s .  m/e 
203 (M+) ,  11 1 , 1 1 0 , 93 ,  3 3 , 79 , 7 0 ,  67 end 55. Pound : C, 7 5 .2 6  ;
H, 9.53- C!t H20 °2 r9'iuir3C C, 74.96 j K, 9.68/.
Attempted 3r eyer-Villi.qer oxidation cf (122)
The k e to n e  (122) (190 m g .,  1 ra. m c le ) ,  m - c h l c r o p e r b e n z o ic  a c id
. , . 1 . , 84
(305 mg., 2.1 in. mcle) end 2,2' thiobis (4 methyl o t-butyl phenol)
(10  mg.) v e r e  r e f l u x e d  i n  e t h y l e n e  d i c h l c r i d e  f o r  3 h o u r s .  A f t e r
cooling, the solution vas washed with 10/ sodium sulphite, sodium
bicarbonate (saturated) and water, then dried over MgSO^, filtered
and evaporated. Preparative t.l.c. of the crude product (153 mg.)
on silica vith ~yj% ethyl acetate-light petroleum as eluant gave the
pure product which was identified as the epoxide (126) (120 mg.,
o . .  CC14
O.58  m. m ole, 58/ ) ,  m .p . 32-84 C ; i . r .  V  m£LX 1740 and 1725 (sh )
cmT1 ; m .s . m/e 20o (M+) , 190 , 133, l6l, 150, 137, 133, H 9 ,  98, 91,
79, 67 and 55* Found : C, 76,00 j H, 8.52. 0^ requires
C, 75.69 H, 8.80/.
2 7 7
Tricycle (727.1.0 * ) tridec-2 -en-13-one oxime (127)
The ketone (122) (190 mg., 1 m. mole), a five-fold excess cf
sodium hydroxide (200 mg. , . 5 m. mole) and a b0/ excess cf hydroxylamine
hydrochloride (105 mg., 1*5 n* mole) vere refluxed for 2 hours in an
ethancl-vater mixture (25 ml., 5 : 1)• After cooling, the ethanol
op
was removed and the mixture extracted77 vith chloroform. Preparative
t.l.c. of the crude product (l60 mg.) on silica (30/ ethyl acetate-
light petroleum) yielded the pure oxime (123) (140 mg., 68 m. mcle,
CC14
6 3 /) as  a gummy s o l i d ,  36IO , 3560-3020 ( 3280) ,  I 67O and
I 58O cm.^ ; n .m .r .  8 1 .0 - 2 .8  ( l 8H ; e) and 3*5 (1H i m) ; m .s . 
m/e 205 (M+) ,  188 , 160 , 146, 131 , 117 , 115, 105 , 91 , 79 , 77 , 6 5 , and 5 1 . 
Found : C, 75*91 > H, 9*00 j N, 7*10* ^-7  0^ r e q u i r e s  C, 76 . 0 6 ;
H, 9*33 ; N, 6 . 82/ .
-TOO-
Beckmann rearrangement of cxime (l2~z)
The cxime (123) (144 mg., 0.7 ra. mcle) and toluene-p-sulphonyl
chloride (155 mS*> 0*8 ra. raole) in pyridine (5 ml.) were stirred
overnight at rocra temperature. Water (15 ml.) was added and after
neutralisation with dilute hydrochloric acid, the solution was
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extracted' with chloroform. Preparative t.l.c. of the crude product
(115 rag.) on silica (ethyl acetate) furnished the pure lactam (I32)
c r i 4
(110 mg., 0.54 ra. mole, 76/5) as crystals m.p. 153-l60°C ; i.r. V  mg:x 
3425, 3310, 3210 and 1670 caT1 ; 1H n.m.r. & 1.2-2.8  (l6H ; e ) ,
3 .0  (1H ; m), 3 .5  (1H ; m) and 7.1 (1H ; s ) ; m.s. m/e 205 (M+).» 162,
148, 134 , 119 , 105 , 91 , 79 , 77, 67 , 65 and 56 . n .m .r .  179-876 ,
1 3 2 .2 4 5 , 123 . 861 , 5 4 .0 9 7 , 4 7 .1 8 7 , 3 9 .1 3 3 , 3 5 -2 1 3 , 3 2 .0 4 5 , 31 - 690,
25.964, 23.512, 22.506 and 21.944 p.p.m. Found : C, 76,0 6 .; H, 9 .2 5 ;
N, 7.02. C-j^  H-^ 0^ requires C, 76.06 ; H, 9*33 > N, 6.82$.
Attempted preparation o f  urethane-ester ( 157)
a) NaH/C0(0Et) 9
Lactam  (132) (152 m g., 0.74 m. raole) in  benzene (25 m l.)  was 
s t i r r e d  w ith an e x c e ss  c f  sodium h y d rid e  (100 rag ., 4.1 m. raole) a t  
room te m p e ra tu re  f o r  3 h o u rs . D ie th y l c a rb o n a te  (0.2 m l.)  was th e n  
added . A f te r  3 h o u rs  a t  room te m p e ra tu re , th e  r e a c t io n  was s to p p ed  
and a n a l y t i c a l  t . l . c .  showed th e r e  to  be many p ro d u c ts  p r e s e n t ,  in c lu d in g  
th e  s t a r t i n g  la c ta m  (1 3 2 ) . The o th e r  p ro d u c ts  w ere n o t  i n v e s t i g a t e d .
b) M eerw ein 's  r e a g e n t^ ^ /C lC 0 9E t
F o llo w in g  th e  c o n v e rs io n  o f  th e  la c ta m  (132) (150 mg* > 0 -7 3  m* m ole) 
to  th e  im in o -e th e r  (134), th e  m ix tu re  was t r e a t e d  w ith  e th y l  c h lo ro fc rm a te  
(0.2 m l . ) .  A f te r  3  h o u rs  a t  room te m p e ra tu re , a n a l y t i c a l  t . l . c .  showed 
th e  p re se n c e  o f  numerous p ro d u c ts  and th e s e  w ere n o t  in v e s t i g a t e d .
*5-Ainino-2.~5-tetraiaethylenecyclo-Qct-2-ene carboxylic acid  (17^)
Lactam (1J2) (200 mg., 1 m. mole) was refluxed for 24 hours in 
hydrochloric acid (conc. HC1 : f^O, 2 : 3) (10 ml.). After cooling, 
c a r e f u l  neutralisation produced a turbidity, but no precipitation.
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After preparation of a column of Amberlite IF-4B icn-exchange resin , 
the aqueous solution vas passed through the column and the neutral 
solution collected. Evaporation cf the solution yielded the crude 
amino-acid (133) (148 mg., 0.66 m. mcle, 66%) as a high melting solid, 
rc.p. >  330°C ; i.r. 34OO, 1650 and II30 cm?1
Attempted 0reparation of amino-ester (179)
a) The lactam (132) (205 1 n* mcle) was hydrolysed with ca.
15# aqueous hydrochloric acid. Diazcmethane was then bubbled into 
the reaction mixture until a permanent yellow colouration vas obtained.
The excess diazcmethane was then removed by flushing the solution
99vith a stream cf nitrogen gas. After extraction intc chloroform, 
analytic?! t.l.c. indicated one main product and. three minor products. 
Preparative t.l.c. on silica (10.^  nethanol-chlcrcform) allowed isolation 
of this major component which vas identified as dincnyl phthalate 
(140) by comparison vith an authentic sample.
b) The reaction was repeated using the lactam (13?) (203 mg., 1 m. mcle) 
in an all-glass apparatus. Preparative t.l.c. permitted isolation of a 
product (I2p ng.), 173^ sn<3 l^TO cm.'*' The n.m.r. vas
not informative. This sample, after a. day or so, gave spectra 
identical to that obtained from the lactam (13?) •
c) The lactam (132) (200 mg., 1 m. mole) was hydrolysed, vith ca.
15,5 hydrochloric acid end then passed through a. column of IR-4B 
resin tc give the free amino-acid (133) • This product vas then
Q
treated with methancl/thicnyl chloride at 0 C. The temperature
-1 0 2 -
vns then raised to 40°C end. maintained at this for 2 hours. After 
neutralisation vith sodium bicarbonate and e x t r a c t i o n ^  of the mixture
vith chloroform, a product vas obtained which could net be further
n / 0014  ^ - 1 1
on rifled by t.l.c. i.r. V 17^0 and 2b00-^p00 cm. ; FI n.m.r.max " " 9
S  0.0-3.0 (envelope) and S.4. No structure could be assigned tc this 
product.
n~Hvd.royy-2.~-tetra:nethYlenecvclo-Gct-2-ene carboxvlic acid (142)
Lactam (132) (200 mg., 1 m. mole) vas hydrolysed vith hydrochloric
acid (conc. HC1 : F^O, 2 : 3) (13 ml») and then cooled to 0°C.
Treatment- vith sodium nitrite (200 mg.) resulted in the formation cf
many products (t.l.c.). Isolation of the main product yielded a
colourless oil vhich could be extracted intc dilute sodium hydroxide
and reprecipitated by addition of dilute hydrochloric acid. This
material vas tentatively identified as the hydroxy-acid (142) (43 mg.,
CC14
max 3500-2500, 1750, 1710 *n<?
ifpO cm. ~ n.m.r. & 1.0-3*n> 3»7 '!r'^ • m.r. m/e 206 (M+ - 10).
Attempted preparation of b-oxo-2.7-tetramethylenecyclc-oct-2- 
ene carboxylic acid (147)
The amino-acid (133) (100 rag., 0.5 m. mole) vas added tc a solution
^-7
of freshly prepared t-butyl hypochlorite' 1 (120 mg., 1.1 ra. mcle) at 
0°C and the mixture then a l lo w e d  to come tc room temperature.
Treatment vith sodium aethoxide, prepared from sodium metal (25 mg.) 
and methanol, vas followed by addition cf water. Analytical t.l.c. 
shoved the presence of numerous products vhich vere not separated.
N-nitrosolactsm (143)
Lactam (132) (.130 mg., 0 .87 m. mole) vas dissolved in boiling 
hydrochloric acid (ccnc. MCI : ^0, 2 : 3) (5 ml.). then dissolution
0 .21  m. m cle , 21?') ; i . r . N /
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vas complete (cs. p minutes), the solution was cooled and a 10,3 
solution of sodium nitrite vas added. A yellow precipitate formed
99which was extracted ' with ether. The crude product (140 mg.,
0.59 3i* mcle, 69/') was very pure end needed nc further purification.
QQ14
It vas identified as the N-nitrcsolactam (143). i.r.\/ ~ \TT0max
-1  1 r
and 1520 cm. • H n .m .r .  O 3«- (13 ; m) and 5 .3  (1 3  ; m) ; m .s.
m/e 234 o h ) ,  204, 176, 162, 161, 150, 135, 134, 133, 119, 105, 93 ,
91, 79 a n 3 67 . Accurate mass measurement gave t h e  mass as 234.13673 5
C H ~  N 0 requires an accurate mass cf 2A'4.1^681.13 14 2 2
Attempted pro j: ration of P.T-Tctrrrvthvl^nocycIc-cota -
2.4-diene carboxyl!c acid ( 143)
a) Bengene/re flux
The N-nitrcsclactam (143) (100 mg., 0.42 m. mcle) was refluxed 
in benzene (5 ml.) overnight. After removal cf the solvent, analytical
t.l.c. shewed only the presence of starting material.
hi yvlpn e/r ■0 fluy/ - ** -- —" - —i   -
The N-nitrosclactam (143) (100 mg., 0.^2 m. mcle) was refluxed 
in xylene (5 ml.) overnight. After removal of the solvent, analytical 
t.l.c. showed only the presence cf starting material.
Attempted preparation of ^-Hvdroxv-2.^-tetrHmethvlene-
cvclc-oct-2-ene carboxvlic acid (142)
The N-nitrosolactam (143) (240 mg., 1 m. raole) vas treated at
0°C vith a 303 methsnolic FC0H solution (4 ml.). The mixture was
99evaporated to dryness and extracted vith chloroform. This crude 
product (l^O mg.) vas extracted into dilute sodium hydroxide and 
reprecipitsted by addition cf dilute hydrochloric acid, as a mixture.
i . r .  V  CHC1-5 3540- 2300,  1770 , 1730 end 1700 cmT ; 1H n .m .r .  <5 1 . 2 - 2 .3max
(envelope), 5*7 8 .0 ; m.s. m/e 206.
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A ttem p ted  p r e p a r a t i o n  o f  2 .3 - T e t r s L m e th y le n e c y c lo - o c t a -
2 . 4 - d i e n e  c a r b o x y l i c  a c i d  n e t h y l  e s t e r  ( 149)
The c ru d e  p ro d u c t o b ta in e d  above (150 mg.) v as  t r e a t e d  v i t h  
d iazo raethane in  e th e r  u n t i l  a perm anent y e llo w  c o lo u r  p e r s i s t e d  
in  th e  r e a c t io n  m ix tu re . The ex ce ss  d iazcm ethane  v as  th e n  removed 
by f lu s h in g  th e  s o lu t io n  w ith  a s tream  c f  n i t ro g e n  g a s . The c rude  
p ro d u c t v as  p u r i f i e d  by p r e p a r a t iv e  t . l . c .  on s i l i c a  ( 30^ e th y l
a c e t a t e - l i g h t  p e tro leu m ) and y ie ld e d  a  c o lo u r le s s  o i l  (140 m g .) ,
N / CHC13 ^ - 1 1  v r  , 1
i . r .  V  max 1730 cm* 5 H n .m .r .  (oO MHz.) o  3*7 (3 ^  > s ) > H n .m .r .
(90 MHz.) & 3 .6 8 ,  3 . 69 , 3 .7 0  and 3 .7 3  ( t o t a l  3H ). The p ro d u c t
v cu ld  th e r e f o r e  ap p ea r t c  be a m ix tu re  c f  c lo s e ly  r e l a t e d  compounds.
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